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ABSTRACT 
This  d i s s e r t a t i o n  is concerned w i t h  a case s tudy  of system dynamics, a 
well-known s imula t ion  modelling methodology, and i t s  i m p l i c i t  theory of 
s o c i a l  system behaviour. System dynamics is pol icy  o r i en ted  and is 
d i r e c t e d  towards t h e  c o n t r o l  and management of  s o c i a l  systems. It 
o r i g i n a l l y  evolved i n  t h e  contex t  of  m i l i t a r y  systems and then t h e  
a p p l i c a t i o n  of systems engineer ing t o  t h e  problems of corpora te  
management, b u t  was later expanded t o  t a c k l e  t h e  problems of  urban decay, 
popula t ion  growth, and environmental col lapse.  It is t h e r e f o r e  now aimed 
a t  l a r g e  scale social  engineering. 
The aim of t h e  d i s s e r t a t i o n  is t o  take t o o l s  drawn largely from t h e  
sociology of knowledge i n  order  t o  provide a pe r spec t ive  on t h e  
development of t h i s  p a r t i c u l a r  s t r and  of t h e  systems movement. We 
investigate t h e  s t a tus  of  system dynamics as a cu l tu ra l  a r t e f a c t  which 
is both a product of s o c i a l  s t r u c t u r e s  and a resource  for  mediating and 
r e i n f o r c i n g  such s t r u c t u r e s .  The d i s s e r t a t i o n  is addressed t o  the  
systems community, but  must al30 meet t h e  academic s t anda rds  of t h e  
soc io logy  of knowledge. 
There are seven chapters .  The first two d e a l  with t h e  background t o  
system dynamics and w i t h  methodological a s p e c t s  of t h e  perspec t ive  
adopted i n  our approach. The fol lowing two chap te r s  exanine system 
dynamics as a social  construct ion:  f i r s t l y ,  w i t h  s p e c i a l  emphasis on t h e  
s o c i a l  development of t h e  c u l t u r a l  contex t  i n  which it evolved; and 
secondly,  on t h e  s o c i a l  experience and cosmology of t h e  System Dynamics 
Group a t  MIT. The next  two chapters  d e a l  wi th  t h e  social  effects of 
system dynamics, p a r t i c u l a r l y  its r o l e  as a 'binding agent'  i n  
n e g o t i a t i n g  social  consensus. The seventh and f i n a l  chapter  d i scusses  
our  conclusions.  
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A n t h r o p o l o g i s t s  t e l l  u s  t h a t  r e a l i t y  i s  always a s o c i a l  c o n s t r u c t i o n ,  
t h a t  our  c o n c e p t i o n s  of t h e  s o c i a l  and n a t u r a l  w o r l d s  are med ia t ed  by 
s o c i a l  r e l a t i o n s .  I n  c o n t r a s t  t o  t h e  p o s i t i o n  adopted by t h o s e  s c h o l a r s  
who a r g u e  t h a t  t h e  i n t r u s i o n  of s o c i a l  f a c t o r s  i n t o  t h e  p r o d u c t i o n  of  
knowledge l e a d s  t o  e r r o r  o r  f a l s i t y ,  t h e  n o t i o n  t h a t  r e a l i t y  is s o c i a l l y  
c o n s t r u c t e d  d o e s  n o t  imply judgements a b o u t  t h e  v a l i d i t y  of o u r  s o c i a l l y  
produced knowledge. Rather, i t  aims t o  make e x p l i c i t  t h e  e x i s t e n t i a l  
c o n d i t i o n s  which unde rp in  t h e  ways i n  which w e  t h i n k  abou t  t h e  world, 
and indeed ,  which make knowlcdge p o s s i b l e .  
I n  t h i s  d i s s e r t a t i o n  w e  w i l l  employ t h i s  i d e a  t o  examine a c o n t r o v e r s i a l  
t,heory a b o u t  t h e  n a t u r e  of man's p l a c e  i n  t h e  world and t h e  problems 
which c o n f r o n t  him. T h i s  t h e o r y  - known as sys t em dynamics - suggests 
t h a t  man l i v e s  i n  a network of s o c i a l  sys t ems  ( i n c o r p o r a t i n g  economic, 
p o l i t i c a l ,  and e c o l o g i c a l  subsys t ems)  and t h a t  t h e  p r o p e r t i e s  of t h e s e  
sys t ems  d e t e r m i n e  many of t h e  problems - from famine t o  overcrowding, 
and from unemployment t o  e c o l o g i c a l  c o l l a p s e  - which have caused much 
p u b l i c  c o n c e r n  ove r  t h e  p a s t  t e n  y e a r s  o r  so. System dynamics p u r p o r t s  
t o  e x p l a i n  t h e  c a u s e s  of t h e s e  problems and t o  p r o v i d e  a r e s o u r c e  f o r  
d e v i s i n g  p o l i c i e s  t o  remedy them. 
We are n o t  p r i m a r i l y  i n t e r e s t e d  i n  t h e  t r u t h  or  f a l s i t y  of t h e  
p r o p o s i t i o n s  o f  sys t em dynamics b u t  r a t h e r  i n  i t s  s t a t u s  as a s o c i a l l y  
c o n s t r u c t e d  body of knowledge. We aim t o  unravel  t h e  i n t e r c o n n e c t i o n s  o f  
t h i s  c o n s t r u c t i o n  i n  o r d e r  t o  s e e k  some i n s i g h t s  i n t o  how t h i s  systems 
view of t h e  wor ld  h a s  been gene ra t ed .  
System dynamics was o r i g i n a l l y  developed w i t h i n  t h e  S l o a n  School  of  
Management a t  the M a s s a c h u s e t t s  I n s t i t u t e  of Technology i n  t h e  United 
States. Its in t e l l ec tua l  roo t s  stem from sys t ems  engineering and t h e  
d e s i g n  o f  t e c h n o l o g i c a l  systems. Having ach ieved  c o n s i d e r a b l e  s u c c e s s  
w i t h  such  a p p l i c a t i o n s ,  sys t ems  engineering was later g e n e r a l i s e d  t o  
become a t o o l  fo r  t h e  d e s i g n  and c o n t r o l  o f  social  systems,  i.e. s o c i a l  
engineering. I t  was though t  t h a t  it c o u l d  b r i n g  a more r i g o r o u s  and 
o b j e c t i v e  approach  t o  p o l i c y  formation.  
System dynamics is t h u s  p o l i c y  o r i e n t e d ,  and is concerned w i t h  t h e  
management and c o n t r o l  of s o c i a l  systems. F u r t h e r ,  i t  be longs  t o  the 
class of t h e o r i e s  known asgeneral sys t ems  t h e o r i e s  which aim to  e x p l a i n  
the  p r o p e r t i e s  o f  systems,  whether p h y s i c a l ,  s o c i a l  o r  other types.  
B a s i c a l l y ,  t h e  approach i n v o l v e s  t h e  b u i l d i n g  of a computer s i m u l a t i o n  
model t o  descr ibe  t h e  behaviour  o f  the  system under s t u d y ,  fo l lowed  by 
e x p e r i m e n t a t i o n  w i t h  t h e  model i n  o r d e r  t o  d e r i v e  s u i t a b l e  p o l i c y  
o p t i o n s  f o r  modifying the  behav iour  o f  t h e  'real' system. To da t e  i t  h a s  
been used t o  inves t iga te  a wide range of  problems, i n c l u d i n g  urban 
s t a g n a t i o n ,  p o l l u t i o n ,  p o p u l a t i o n  growth, i n f l a t i o n  and unemployment. 
The j u s t i f i c a t i o n  f o r  a n a l y s i n g  s y s t e m  dynamics l i es  n o t  o n l y  i n  i t s  
a l l e g e d  e f f i c a c y  i n  u n d e r s t a n d i n g  social  problems which are o f  
c o n s i d e r a b l e  impor t ance  i n  themse lves ,  b u t  a l s o  i n  t h e  fact  t h a t  i ts  
p roponen t s  claim t h a t  i t  o f f e r s  a new and b e t t e r  approach  t o  s t u d y i n g  
such  problems. The system d y n a m i c i s t s  a c t u a l l y  e n v i s a g e  a r e o r i e n t a t i o n  
of t h e  s o c i a l  s c i e n c e s  - towards a c o n c e n t r a t i o n  on t h e  feedback 
s t r u c t u r e s  of s o c i a l  sys t ems  which are argued t o  be t h e  b a s e s  f o r  
comprehending t h e  behav iour  modes of such systems.  F u r t h e r ,  t h e y  s u g g e s t  
t h a t  t h e  human b r a i n  is n o t  adap ted  t o  u n d e r s t a n d i n g  t h e  p r o p e r t i e s  of  
complex sys t ems  - where many v a r i a b l e s  i n t e r a c t  t h rough  time - and t h e y  
a r g u e  t h a t  computers  s h o u l d  be employed t o  a i d  t h i s  t a s k .  Though t h e  
human b r a i n  may c o r r e c t l y  p e r c e i v e  t h e  s t r u c t u r e  of a complex system, 
t h e y  con tend  tha t  i t  canno t  p r e d i c t  how t h a t  s t r u c t u r e  w i l l  behave 
dynamical ly .  
The sys t em d y n a m i c i s t s  e n v i s a g e  t h e  s p r e a d  of system dynamics i n t o  a l l  
l e v e l s  of e d u c a t i o n ,  and a d v o c a t e  the e d u c a t i o n  of the  v o t i n g  p o p u l a t i o n  
i n  o r d e r  t h a t  p e o p l e  might  a p p r e c i a t e  t h e  p r o p e r t i e s  of s o c i a l  sys t ems  
and t h e r e b y  make more 'informed' c h o i c e s  i n  v o t i n g  f o r  p o l i c i e s .  
We s h o u l d  also mention t h e  well-known system dynamics wor ld  models which 
were b u i l t  i n  t h e  e a r l y  19709, and which looked a t  the world as a c l o s e d  
g l o b a l  ecosystem. From t h e i r  behav iour  p a t t e r n s  it was concluded t h a t  
t h e  world was f a c i n g  a c a t a s t r o p h i c  c o l l a p s e  i n  i t s  l i f e - s u p p o r t  
systems. T h i s  message c a p t u r e d  much a t t e n t i o n  w i t h i n  Western societ ies  
and t h e  d e b a t e  which i t  s t i m u l a t e d  s t i l l  c o n t i n u e s  i n  many circles.  
T h i s  background u n d e r s c o r e s  t h e  d e s i r a b i l i t y  of d e v e l o p i n g  a 
comprehensive u n d e r s t a n d i n g  of s y s t e m  dynamics - b o t h  as a s o c i a l  
c o n s t r u c t i o n  or  artefact ,  and as a r e s o u r c e  f o r  f o r m u l a t i n g  s o c i a l  
p o l i c i e s .  
P r e v i o u s  s t u d i e s  have  o f t e n  been t e c h n i c a l  ones,  i n  t h e  s e n s e  t h a t  t h e y  
have  tended t o  address t h e  ma themat i ca l  a s p e c t s  of sys t em dynamics 
models or t h e  problems associated w i t h  t h e  e m p i r i c a l  data b a s e s  which 
are used i n  t h e i r  c o n s t r u c t i o n l .  I n  c o n t r a s t ,  i t  is our  c o n t e n t i o n  t h a t  
sys t em dynamics is n o t  merely a m o d e l l i n g  t o o l  or t echn ique ,  b u t  is - as  
2 
t h e  system d y n a m i c i s t s  themselves claim - a t h e o r y  o f  t h e  behav iour  o f  
s o c i a l  systems. It is, i n  o t h e r  words, a t y p e  o f  s o c i a l  theory.  
O t h e r  c r i t i c s  have c o n c e n t r a t e d  on t h e  i d e o l o g i c a l  c o n t e n t  o f  s p e c i f i c  
models which some have  seen as a r e f l e c t i o n  of t h e  interests o f  
m u l t i n a t i o n a l  c o r p o r a t i o n s  o r  o f  t h e  .bourgeois  s o c i a l  c l a s s 2 .  To a 
number of writers, sys t ems  a n a l y s i s  a p p e a r s  as a symbol of  t h e  
t e c h n o c r a t i c  c o n s c i o u s n e s s  which t h e y  i d e n t i f y  w i t h  modern bureaucra t ic  
c a p i t a l i s m .  T e c h n o c r a t i c  r a t i o n a l i t y  r educes  s o c i a l  and p o l i t i c a l  
problems t o  t e c h n i c a l  and a d m i n i s t r a t i v e  ones. With system dynamics we 
s h a l l  see t h a t  w h i l s t  i t  a l s o  t e n d s  towards t h e  a p o l i t i c a l  o r  
s u p r a p o l i t i c a l  c o n c e p t i o n  of s o c i a l  problems, it sometimes p e r c e i v e s  
them as moral o n e s  and does  n o t  na r rowly  s e e k  recourse t o  t e c h n i c a l  o r  
a d m i n i s t r a t i v e  s o l u t i o n s .  Q u i t e  t h e  c o n t r a r y ,  i n  fact ,  f o r  we can d i s c e r n  
an emphasis  upon i n d i v i d u a l  m o r a l i t y  and t h e  n e c e s s i t y  f o r  p r e s e r v i n g  
long-term v a l u e  s t r u c t u r e s .  These elements can n e i t h e r  be e x p l a i n e d  i n  
r e l a t i o n  t o  t h e  e n g i n e e r i n g  o r i g i n s  of system dynamics nor  s o l e l y  in 
terms of t e c h n o c r a t i c  r a t i o n a l i t y ,  and i n d i c a t e  t h e  need f o r  more 
comprehensive t o o l s  f o r  u n d e r s t a n d i n g  its r e l a t i o n s h i p  t o  t h e  
p r e v a i l i n g  c u l t u r a l  c o n t e x t  i n  which i t  evolved. 
Our i n t e n t i o n ,  t h e r e f o r e ,  is n o t  t o  r e p e a t  p r e v i o u s  l i n e s  o f  cr i t ic ism 
b u t  t o  adop t  a framework d e r i v e d  from s o c i o l o g y  and modern a n t h r o p o l o g y  
and s e e k  t o  throw some new l i g h t  on t h e  s u b j e c t .  The t h r u s t  o f  t h e  
argument is r e l a t e d  t o  recent work i n  t h e  s o c i o l o g y  o f  s c i ence3and  
s p e c i f i c a l l y  employs t h e  i n s i g h t s  of social  an th ropo logy  abou t  t h e  
r e l a t i o n s h i p  between c o n c e p t i o n s  of social  and na tu ra l  o r d e r  - i.e., 
s o c i a l  r e a l i t y  and p h y s i c a l  r e a l i t y .  Some o f  t h i s  work h a s  i n v e s t i g a t e d  
t h e  ways i n  which t h e  knowledge o f  t h e  n a t u r a l  s c i e n c e s  is a p roduc t  o f  
social  re la t ions (i.e. t h e  social  o r d e r  is , i n  Mackenzie’s terms, “ read  
on to”  n a t u r e  ) and how t h i s  knowledge may then  be  used t o  legitimate t h e  
s o c i a l  o r d e r  t h rough  t h e  medium of a p p e a l s  concerning t h e  ‘na tura l  o r d e r  
of things’ .  
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These i d e a s  u n d e r p i n  our  own e f f o r t s  here. Our f o c u s  - t h e  general 
s y s t e m s - t h e o r e t i c  p e r s p e c t i v e  of sys t em dynamics - p r o v i d e s  a 
p a r t i c u l a r l y  i n t e r e s t i n g  s u b j e c t  because  i t  is e x p l i c i t l y  o r i e n t e d  
towards s o c i a l  p o l i c y ,  and a d d r e s s e s  t h e  laws and p r i n c i p l e s  which are 
a l l e g e d  t o  u n d e r l i e  t h e  behav iour  of p h y s i c a l e  s o c i a l  systems.  
We do n o t  propose,  t h e r e f o r e ,  t o  examine s p e c i f i c  models i n  i s o l a t i o n  b u t  
i n s t e a d  t r y  t o  view s y s t e m  dynamics in much b roade r  terms, t o  unde r s t and  
i t s  s o c i a l  o r i g i n s  and t h e  s o c i a l  i n f l u e n c e s  which have shaped it. I n  
a d d i t i o n  t o  t h i s  l i n e  of enqu i ry ,  w e  a l s o  wish t o  invest igate  t h e  s o c i a l  
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- role of system dynamics as a resource for formulating social policies. 
More specifically, we will consider the consequences that system 
dynamics has for social structures. 
Our objectives are as follows. Firstly, to elucidate the cultural 
tradition from which system dynamics emerged and the social contexts 
which shaped its extension to different domains. Secondly, to uncover 
the relationship between the micro-social environment which unites the 
system dynamicists as a social group, and the intellectual style and 
content of system dynamics as a theory. Thirdly, we want to understand 
the role of system dynamics in mediating and reinforcing specific 
patterns of social relations - ranging from the legitimation of social 
policies in urban systems to the assimilation of certain elements of 
system dynamics within a plethora of alternative visions of future 
society - from technocratic ideas of world government to utopian ideas 
of small-scale alternative communities. 
This dissertation actually falls between two intellectual camps or 
communities. On the one hand there is the sociolony of knowledge and on 
the other systems theory: it draws upon the former in order to provide an 
interpretation of the specific development and social ro le  of one strand 
of the latter. This means that the pursuit of our  three goals must 
conform to the academic standards of two communities; more specifically, 
the sociological and anthropological tools which we employ must be used 
in accordance with the standards of the sociology of knowledge whilst we 
must also seek to meet the expectations of systems thinking. As regards 
the latter, we must conduct o u r  investigation with a broad vision - 
broader than the confines suggested by any single approach or 
discipline; we must also bear in mind the notion of holism and seek to 
offer multiple perspectives on our subject matter. Although we will not 
adopt any formal systems methodology we will endeavour to meet these 
expectations: indeed, they are taken as part of the background knowledge 
which informs the spirit of our work. 
The body of this dissertation consists of seven chapters. Chapter One 
discusses the historical background to system dynamics, including the 
career of its inventor - J.W.Forrester. We will refer to the intellectual 
and practical foundations from which it developed as well as the main 
features of the expansion of its domain of applications and theoretical 
core. In Chapter Two we will provide the theoretical groundwork for the 
approach adopted in this dissertation, and more specifically, for the 
structure of the argument which is pursued in the later chapters. 
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C h a p t e r s  Three and Four w i l l  be concerned w i t h  t h e  s o c i a l  c o n s t r u c t i o n  
of knowledge, w i t h  t h e  s o c i a l  and c u l t u r a l  f a c t o r s  which have shaped t h e  
development o f  system dynamics w i t h i n  t h e  System Dynamics Labora to ry ,  
Conversely,  Chapters F i v e  and S i x  w i l l  f ocus  on t h e  e x t r a - l a b o r a t o r y  
r o l e  o f  system dynamics. 
I n  Chap te r  Three we w i l l  c o n t i n u e  o u r  i n v e s t i g a t i o n  by l o o k i n g  a t  a 
dynamic g e n e r a l  model of t he  r e l a t i o n s h i p  between worldviews and s o c i a l  
s t r u c t u r e s .  The aim w i l l  be t o  l o c a t e  system dynamics w i t h i n  a c u l t u r a l  
t r a d i t i o n ;  more s p e c i f i c a l l y ,  w e  w i l l  c o n c e n t r a t e  upon F o r r e s t e r  i n  
o r d e r  t o  unde r s t and  t h e  r e l a t i o n s h i p  between h i s  ou t look ,  v a l u e s  and 
t h e o r e t i c a l  b e l i e f s  on the one hand, and h i s  s o c i a l  background on t h e  
o t h e r .  As p a r t  of t h i s  t a s k  we w i l l  draw an ana logy  between system 
dynamics and the  s o c i a l  t h e o r y  of Parsons.  T h i s  w i l l  e s t a b l i s h  t h a t  - as 
w i t h  P a r s o n s  - F o r r e s t e r ' s  worldview is o r i e n t e d  towards t h e  t r a d i t i o n a l  
midd le -c l a s s  concern ( s o c i a l  i n t e r e s t )  w i t h  t h e  p r e s e r v a t i o n  of s o c i a l  
o r d e r ,  and is s i m i l a r l y  committed t o  s o c i e t y ' s  dominant i n s t i t u t i o n s  and 
va lues .  The a n a l y s i s  w i l l  be conducted i n  dynamic ra ther  than  i n  s t a t i c  
terms, l e a d i n g  u s  t o  c o n s i d e r  t h e  e v o l u t i o n  of sys t em dynamics i n  
respect of developments - p a r t i c u l a r l y  s o c i a l  crises - w i t h i n  United 
S ta tes  s o c i e t y .  We w i l l  a r g u e  t h a t  it was o r i g i n a l l y  d e v i s e d  i n  the  
s p i r i t  of f u r t h e r i n g  U.S. dominance i n  the i n t e r n a t i o n a l  system, b u t  was 
la ter  expanded t o  a d d r e s s  t h e  cr ises  of urban d e c l i n e  and env i ronmen ta l  
deg rada t ion .  We w i l l  see t h a t  - i n  t h e  face of such crises - t h e  aim was 
p r i m a r i l y  t o  m a i n t a i n  s o c i a l  o r d e r ,  and t o  do so w i t h o u t  c h a l l e n g i n g  
s o c i e t y ' s  dominant i n s t i t u t i o n s  such as c a p i t a l i s m  and weal th .  The 
expans ion  t o  each new domain e n t a i l e d  v a r i o u s  t h e o r e t i c a l  s h i f t s  and 
e x t e n s i o n s  of i ts  t h e o r e t i c a l  c o n t e n t ,  and w e  w i l l  examine t h e s e  i n  
r e l a t i o n  t o  the s p e c i f i c  s o c i a l  crises t o  which t h e y  were a response.  
Although we w i l l  trace t h e  r e l a t i o n s h i p  between the development of 
system dynamics and F o r r e s t e r ' s  s o c i a l  i n t e r e s t s ,  our  dynamic 
o r i e n t a t i o n  w i l l  a l s o  a l l o w  c o n s i d e r a t i o n  of changes  i n  i n t e r D r e t a t i o n  
of h i s  i n t e r e s t s .  T h i s  is p a r t i c u l a r l y  i m p o r t a n t  i n  view o f  F o r r e s t e r ' s  
s h i f t i n g  p e r s p e c t i v e  on c a p i t a l i s m  - where in  he came t o  expound t h e  
thesis t h a t  i n d u s t r i a l  growth must be  h a l t e d .  
Having looked a t  the  b roade r  c u l t u r a l  t r a d i t i o n  from which system 
dynamics h a s  emerged and developed we w i l l  t u r n  our  a t t e n t i o n  - i n  
Chap te r  Four  - t o  t h e  p a t t e r n  of s o c i a l  r e l a t i o n s  which u n i t e  t h e  system 
d y n a m i c i s t s  - i.e. t h e  System Dynamics Group. T h i s  c h a p t e r  w i l l  form the 
most d e t a i l e d  and e x h a u s t i v e  p a r t  of the  d i s s e r t a t i o n :  i t  forms t h e  
c e n t r e p i e c e  of t h e  i n v e s t i g a t i o n ,  c o n s t i t u t i n g  i ts most s i g n i f i c a n t  
c o n t r i b u t i o n  i n  terms of o r i g i n a l  research. We w i l l  employ the  
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a n t h r o p o l o g i c a l  concep t  of cosmology i n  o r d e r  t o  o b t a i n  a more s p e c i f i c  
p i c t u r e  o f  t h e  system dynamic i s t s '  view o f  t h e  world and s t y l e  of 
thought.  To i l l u s t r a t e  t h e s e  we w i l l  unde r t ake  a compara t ive  a n a l y s i s  i n  
r e l a t i o n  t o  a selected c o n t r o l  group. We w i l l  compare and c o n t r a s t  t h e  
two g r o u p s  on t h r e e  d i f f e r e n t  levels.  To beg in  w i t h  we w i l l  endeavour  t o  
d e s c r i b e  t h e  r e s p e c t i v e  s o c i a l  s t r u c t u r e s ,  t h e  i n s t i t u t i o n a l  s e t t i n g s ,  
w i t h i n  which each group r e s i d e s .  Secondly,  we w i l l  c o n s i d e r  t h e i r  
me thodo log ica l  o r i e n t a t i o n  - i n c l u d i n g  t h e i r  app roaches  t o  mode l l ing  
and r e s p o n s e  t o  t h e o r e t i c a l  anomal i e s  - which cons t : t u t e s  t h e i r  s t y l e  of 
thought .  T h i r d l y ,  we w i l l  t u r n  our  a t t e n t i o n  t o  t h e  c o n t e n t  of t h e i r  
knowledge; t h i s  w i l l  i n c l u d e  reference t o  t h e i r  b e l i e f s  a b o u t  knowledge, 
n a t u r e ,  man and s o c i e t y ,  and time. Each o f  t h e s e  l e v e l s  w i l l  be 
i n d e p e n d e n t l y  i n t e r p r e t e d  i n  terms of Douglas' g r id -g roup  t h e o r y  of 
cosmologies.  
I n  Chap te r  F i v e  our  t a s k  w i l l  be t o  examine t h e  s o c i a l  r o l e  o f  system 
dynamics and o f  i ts exponents.  For t h e y  n o t  o n l y  p u t  fo rward  p o l i c i e s  
f o r  t h e  c o n t r o l  and management of s o c i a l  systems,  b u t  a l so  s e e k  t o  c a r v e  
o u t  a s p e c i a l  n i c h e  for t h e  e x p e r t s  needed t o  b u i l d  and i n t e r p r e t  t h e  
r e q u i s i t e  computer models. We w i l l  i n v e s t i g a t e  t h e  ways i n  which sys t em 
dynamics aims t o  r e - s t r u c t u r e  s o c i a l  r e l a t i o n s  w i t h i n  t h e  p a r t i c u l a r  
sys t ems  to which i t  h a s  been a p p l i e d ,  and t h e  means by which i t  claims 
l e g i t i m a c y  i n  i t s  proposed t a sk .  T h i s  d i s c u s s i o n  w i l l  centre ma in ly  upon 
t h e  urban m o d e l l i n g  work b u t  i ts  i m p l i c a t i o n s  are p e r t i n e n t  t o  sys t em 
dynamics as a whole, and pe rhaps  even t o  o t h e r  uses of e x p e r t i s e  i n  
policymaking. The main q u e s t i o n s  we f o c u s  on conce rn  t h e  t y p e  o f  urban 
s t ruc ture  which is advoca ted  i n  F o r r e s t e r ' s  urban p o l i c i e s ;  t h e  r o l e  of 
sys t em d y n a m i c i s t s  i n  r e l a t i o n  t o  p o l i t i c i a n s  and t h e  e l e c t o r a t e ;  and 
t h e  way i n  which sys t em dynamics p r o v i d e s  an e x p l a n a t o r y  r e s o u r c e  f o r  
s t r u c t u r i n g  t h e  problems of urban d e c l i n e .  
The use of sys t em dynamics f o r  t h e  d e s i g n  of social  p o l i c y  raises t h e  
q u e s t i o n  of t h e  n e g o t i a t i o n  of s o c i a l  consensus  and t h e  reasons why i t  
may be seen as legitimate - b o t h  t o  t h e  electorate and t o  t h e  
p o l i t i c i a n s  and a d m i n i s t r a t o r s  who would be  r e s p o n s i b l e  f o r  
implementing t h e  p o l i c i e s .  Given t h e  p redominan t ly  t e c h n o l o g i c a l  
o r i e n t a t i o n  of its c u l t u r a l  s e t t i n g  - t h e  U.S. - its l e g i t i m a c y  would 
seem unprob lema t i ca l .  Fo r  example, Williams h a s  d e s c r i b e d  American 
s o c i e t y  as a " c u l t u r e  centering its interests  upon p u r p o s i v e  t e c h n i c a l  
mas te ry  of i t s  p h y s i c a l  environment (and t o  some degree,  of i t s  social 
problems also)..." i n  which, "emphasis upon e f f i c i e n c y  is o b v i o u s l y  
r e l a t e d  t o  t h e  h i g h  p l a c e  accorded science ( e s p e c i a l l y  as t r a n s l a t e d  
i n t o  t e c h n o l o g y )  and t o  t h e  overwhelming impor t ance  a t t r i b u t e d  t o  
p r a ~ t i c a l i t y . " ~  W h i l s t  t h i s  h a s  c e r t a i n l y  been one dimension of t h e  
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appeal  of system dynamics, we m u s t  a l s o  note  t h a t  when t h e  system 
dynamicis ts  addressed t h e  p rob lem of  p o t e n t i a l  environmental co l l apse  
they eschewed technologica l  f i x e s  and ta lked  of harmony w i t h  nature.  
T h i s  i n d i c a t e s  t h a t  i ts  sources  of  leg i t imacy a r e  not  s o l e l y  rooted i n  
images of t e c h n i c a l  r a t i o n a l i t y .  We t h e r e f o r e  need t o  d i s c u s s  t h e  
cosmological elements - t h e  symbols and metaphors pe r t a in ing  t o  t h e  
u l t ima te  na ture  of t h e  world or  cosmos -which  permeate system dynamics' 
pol icy recommendations and g ive  them the i r  moral import. 
In Chapter S ix  our a t t e n t i o n  w i l l  t u r n  t o  t h e  message of t h e  world 
models and to  i ts  s o c i a l  e f f e c t s .  We w i l l  focus  on the  r o l e  of t h e  models 
i n  expla in ing  the  world and endowing it with meaning and coherence. T h i s  
w i l l  inc lude  the  way i n  which t h e y  symbolised the  s o c i a l  contex t  of t h e  
time - a period which included t h e  blossoming of  t h e  environmental 
movement. Dominant themes dur ing  t h i s  per iod centred upon t h e  
r e l a t i o n s h i p  of man t o  t h e  n a t u r a l  environment, and p ro jec t ions  of  
a l t e r n a t i v e  f u t u r e s  i n  which d i f f e r e n t  groups sought respi te  from t h e  
mater ia l ,  s o c i a l ,  and s p i r i t u a l  decay t h a t  t h e y  saw a s  pervading Western 
soc ie ty .  The pol icy recommendations t o  emerge from t h e  world models 
included an  image of a g loba l  e q u i l i b r i u m  s o c i e t y  - a s t a b l e  s t a t e  which 
would l a s t  i n d e f i n i t e l y  and where man would l i v e  i n  harmony with nature.  
Here, r e l i g i o u s  and e t h i c a l  concerns would supposedly he lp  t o  
r e o r i e n t a t e  people away from material d e s i r e s  and va lues  towards long- 
term va lues  centred on t h e  s t a b i l i t y  of  t h e  g loba l  ecosystem and t h e  
perpe tua t ion  of t h e  human spec ies .  
The world models emerged onto a s o c i a l  landscape where many people were 
looking f o r  an a l t e r n a t i v e  bel ief  sys tem and we w i l l  argue t h a t  - l i k e  a 
computerised form of as t ro logy  - s y s t e m  dynamics of fe red  t o  br ing  
s t r u c t u r e  and cer ta inty i n t o  a world t h a t  appeared t o  be r e n t  by 
c o n t r a r i e t i e s  and mounting g l o b a l  problem.  I n  t h i s  sense it held out  an 
ideology which could enable  people t o  a d j u s t  and accept  t h e  condi t ions  
on 'Spaceship Earth'; p i tched i n  cu r ious ly  s u p r a p o l i t i c a l  term t h e  
message of t h e  world models demanded ind iv idua l  moral restraint and 
se l f -d i sc ip l ine .  But, t h e  message was a l s o  incorporated i n t o  more 
r a d i c a l  v i s i o n s  of f u t u r e  s o c i e t y  and t o  understand these  responses  w e  
w i l l  cons ider  the  mi l lenar ian  a s p e c t s  of t h e  period. 
The f i n a l  chapter  - Chapter Seven - summarizes t h e  main conclusions of 
t h i s  i nves t iga t ion ,  d i scusses  t h e  r a t i o n a l e  fo r  t h e  approach adopted and 
cons iders  t h e  ex ten t  t o  which it h a s  shed l i g h t  on t h e  nature of system 
dynamics and opened up new l i n e s  of  enquiry. 
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In t h i s  c h a p t e r  we w i s h  t o  p rov ide  an i n t r o d u c t i o n  t o  system dynamics 
and t o  i ts i n v e n t o r  and c h i e f  exponent J.W.Forrester - t h e  f i gu re  who is 
t h e  c e n t r e  of a t t e n t i o n  i n  Chapter  Three. We w i l l  b r i e f l y  s k e t c h  
F o r r e s t e r ' s  c a r e e r l a n d  then  go on t o  cha r t  t h e  h i s t o r y  of  system 
dynamics as seen  i n  r e l a t i o n  t o  h i s  a p p l i c a t i o n  o f  t h e  t h e o r y  t o  
d i f f e r e n t  domains. 
FORRESTER'S CAREER 
F o r r e s t e r  was born i n  1918 i n  Nebraska where h i s  f a m i l y  owned a c a t t l e  
ranch.  He s t u d i e d  e l e c t r i c a l  e n g i n e e r i n g  a t  the  U n i v e r s i t y  of  Nebraska 
from where he g r a d u a t e d  i n  1939. From 1940 t o  1946 he worked a t  t h e  M I T  
Servomechanisms Labora to ry  - where feedback c o n t r o l  t h e o r y  was b e i n g  
used i n  t h e  d e s i g n  of m i l i t a r y  equipment - b e f o r e  g o i n g  on t o  become 
d i r e c t o r  o f  t h e  MIT D ig i t a l  Computer Labora to ry .  The re  he was 
r e s p o n s i b l e  f o r  the  c o n s t r u c t i o n  of "Whirlwind I" which was one o f  t h e  
world 's  f irst  high-speed d i g i t a l  computers.  I n  fact ,  w h i l s t  engaged upon 
t h i s  work F o r r e s t e r  i n v e n t e d  (and indeed,  h o l d s  t h e  b a s i c  p a t e n t s  o n )  
random-access magnet ic  core storage memory d e v i c e s  - f o r  many y e a r s  t h e  
s t a n d a r d  memory u n i t s  i n  d i g i t a l  computers. 
The n e x t  stage i n  F o r r e s t e r ' s  career t o o k  him t o  M I T I S  L i n c o l n  L a b o r a t o r y  
where between 1952 and 1956 he was head of t h e  Digital  Computers 
D i v i s i o n .  During t h i s  p e r i o d  he d i r e c t e d  t h e  m i l i t a r y  and o p e r a t i o n a l  
p l a n n i n g  and t e c h n i c a l  d e s i g n  of t h e  A i r  Fo rce  SAGE system f o r  
c o n t i n e n t a l  a i r  d e f e n s e  - t h i s  was one  of t h e  f irst  a p p l i c a t i o n s  f o r  t h e  
Whirlwind computer. 
I n  1956 F o r r e s t e r ' s  career took  a d i s t i n c t i v e  t u r n  when h e  dec ided  t o  
move i n t o  t h e  f i e l d  of management s c i e n c e  and became P r o f e s s o r  o f  
Management a t  MIT's A l f r ed  P.Sloan Schoo l  o f  Management. He s o u g h t  t o  
b r i n g  h i s  e x p e r i e n c e  and knowledge of e n g i n e e r i n g  systems,  m i l i t a r y  
decis ion-making s t r u c t u r e s  and computers  i n t o  the domain of c o r p o r a t e  
management. The S l o a n  S c h o o l  was e s t a b l i s h e d  i n  1952 a t  t h e  b e q u e s t  o f  
A l f r e d  P.Sloan who had been head o f  Genera l  Motors  f o r  many yea r s .  
Management t r a i n i n g  a t  the  s c h o o l  h a s  a l o n g  e n g i n e e r i n g  o r i e n t a t i o n ,  
and i n  fac t  its o r i g i n s  a c t u a l l y  stem from the  Schoo l  o f  E n g i n e e r i n g  a t  
MIT2. W h i l s t  a t  t h e  S l o a n  School  F o r r e s t e r  d e v i s e d  t h e  f o r e r u n n e r  o f  
s y s t e m  dynamics - i n d u s t r i a l  dynamics - which is a t h e o r y  of the 
b e h a v i o u r  of i n d u s t r i a l  systems. Later, he ex tended  I n d u s t r i a l  dynamics 
t o  urban systems,  t h e  world system, and f i n a l l y ,  t h e  n a t i o n a l  economy of 
t h e  Un i t ed  States. 
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S i n c e  1972 he h a s  been Germeshausen P r o f e s s o r  o f  Management a t  t h e  S loan  
School ;  t h i s  p o s t  was e s t a b l i s h e d  i n  1968 by Mr. K.Germeshausen w i t h  t h e  
aim o f  s u p p o r t i n g  c o n t i n u e d  research i n t o  t h e  "human i t a r i an  use  of 
technology".  
During h i s  d i s t i n g u i s h e d  career F o r r e s t e r  h a s  r e c e i v e d  many honora ry  
degrees and awards and has  p u b l i s h e d  numerous books and ar t ic les3.  I n  
Chap te r  Four we w i l l  a r g u e  t h a t  F o r r e s t e r ' s  e a r l y  background i n  m i l i t a r y  
sys t ems  was an i m p o r t a n t  e lement  i n  t h e  subsequen t  e v o l u t i o n  of system 
dynamics: no t  j u s t  i n  an i n t e l l e c t u a l  s e n s e ,  which i s  something w e  s h a l l  
refer t o  nex t ,  bu t  i n  a c u l t u r a l  s e n s e  i n  t h a t  i t  s t a n d s  as a s o c i a l  
r e f e r e n t ,  a marker of t h e  c u l t u r a l  t r a d i t i o n  i n  which h i s  work is 
l o c a t e d .  
1.2 HISTORY OF SYSTEM DYNAMICS 
System dynamics is a more g e n e r a l  name f o r  i n d u s t r i a l  dynamics which was 
d e v i s e d  by F o r r e s t e r  between 1956 and 1961 a t  t h e  S l o a n  School.  
" I n d u s t r i a l  dynamics is a way o f  s t u d y i n g  t h e  behav io r  of i n d u s t r i a l  
sys t ems  t o  show how p o l i c i e s ,  d e c i s i o n s ,  s t r u c t u r e  and d e l a y s  are 
i n t e r r e l a t e d  t o  i n f l u e n c e  growth and s t a b i l i t y .  It  i n t e g r a t e s  t h e  
s e p a r a t e  f u n c t i o n a l  areas o f  management - market ing,  i nves tmen t ,  
research, pe r sonne l ,  p roduc t ion ,  and accoun t ing .  Each o f  t h e s e  f u n c t i o n s  
is reduced t o  a common b a s i s  by r e c o g n i z i n g  t h a t  any economic o r  
c o r p o r a t e  a c t i v i t y  c o n s i s t s  o f  f l o w s  o f  money, o r d e r s ,  m a t e r i a l s ,  
p e r s o n n e l ,  and c a p i t a l  equipment. These f i v e  flows are i n t e g r a t e d  by an 
i n f o r m a t i o n  network. I n d u s t r i a l  dynamics r e c o g n i z e s  the  c r i t i c a l  
impor t ance  o f  t h i s  i n f o r m a t i o n  network i n  g i v i n g  t h e  s y s t e m  its own 
dynamic characteristics." ( 4 )  
I n d u s t r i a l  dynamics grew o u t  o f  a n  i n t e r e s t  i n  f i n d i n g  and deve lop ing  
c o n n e c t i o n s  between e n g i n e e r i n g  and management, and was based upon f o u r  
founda t ions :  i n fo rma t ion - feedback  c o n t r o l  t h e o r y ,  knowledge o f  d e c i s i o n -  
making p r o c e s s e s ,  t h e  e x p e r i m e n t a l  approach t o  sys t ems  a n a l y s i s ,  and t h e  
d i g i t a l  computer. 
For some time p r i o r  t o  F o r r e s t e r ' s  i n i t i a l  i n t e r e s t  i n  t h e s e  m a t t e r s ,  
o p e r a t i o n s  r e s e a r c h  - i n c o r p o r a t i n g  mathematics  and s c i en t i f i c  method - 
had been used to t ack le  v a r i o u s  i n d u s t r i a l  problems. However, F o r r e s t e r  
saw t h e s e  e f f o r t s  as be ing  restricted t o  i n d i v i d u a l  l ow- leve l  problems 
and d e c i s i o n s ,  c h a r a c t e r i s e d  as 'open-loop' p r o c e s s e s  where the  p o l i c y  
o u t p u t  was s e e n  a s  unconnected t o  t h e  i n f o r m a t i o n  i n p u t  used i n  d e c i d i n g  
upon t h e  po l i cy .  
INFORMATION INPUT-#DECISION- POLICY OUTPUT 
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I n  c o n t r a s t ,  F o r r e s t e r  advoca ted  a 'c losed-loop '  approach i n  which a 
feedback l o o p  is es t ab l i shed  between the  p o l i c y  o u t p u t  and t h e  
i n f o r m a t i o n  i n p u t .  
c 1 
INFORMATION I N P U T - - - - - + D E C I S L O N . ~ ~ P O L L C ~  OUTPUT 
T h i s  approach grew o u t  o f  h i s  e x p e r i e n c e  a t  t h e  Servomechanisms 
L a b o r a t o r y  and the  use  o f  i n fo rma t ion - feedback  c o n t r o l  t h e o r y  - 
F o r r e s t e r ' s  work i n  t h i s  f i e l d  was connec ted  w i t h  m i l i t a r y  p r o j e c t s ,  b u t  
a more s i m p l e  example of a c l o s e d  l o o p  sys t em is t h a t  o f  a h e a t i n g  
sys t em and t h e r m o s t a t .  The t h e r m o s t a t  r e c e i v e s  i n f o r m a t i o n  abou t  t h e  
t e m p e r a t u r e  i n  a g i v e n  room and ' dec ides '  whether  or n o t  t o  s tart  up t h e  
b o i l e r ;  if i t  d o e s  so, it moni to r s  the  i n c r e a s i n g  t e m p e r a t u r e  of the  room 
b e f o r e  e v e n t u a l l y  s h u t t i n g  o f f  the  b o i l e r  a t  some p r e - s e l e c t e d  
t empera tu re .  F o r r e s t e r  contended t h a t  t he  f eedback  approach  was more 
r e p r e s e n t a t i v e  of r e a l - w o r l d  s i t u a t i o n s  and was t h e r e f o r e  more s u i t a b l e  
f o r  t h e  complex problems o f  c o r p o r a t e  management. 
The second f o u n d a t i o n  was knowledge a b o u t  decision-making ~ r o c e s s e s  i n  
which F o r r e s t e r  had g a i n e d  much e x p e r i e n c e  a t  t h e  L i n c o l n  L a b o r a t o r y  
when - as p a r t  of h i s  work - he had developed sys t ems  f o r  au tomat ing  
m i l i t a r y  tact ical  o p e r a t i o n s .  
"As i n  m i l i t a r y  d e c i s i o n s ,  w e  sha l l  see t h a t  there is an o r d e r l y  b a s i s  
t h a t  p r e s c r i b e s  much of our p r e s e n t  manage r i a l  d e c i s i o n  making. 
D e c i s i o n s  are n o t  e n t i r e l y  'free w i l l '  b u t  are s t r o n g l y  c o n d i t i o n e d  by 
t h e  environment.  T h i s  be ing  t r u e ,  we can s e t  down t h e  p o l i c i e s  gove rn ing  
such d e c i s i o n s  and d e t e r m i n e  how the p o l i c i e s  are a f f e c t i n g  i n d u s t r i a l  
and economic behavior." (5)  
F o r r e s t e r  p e r c e i v e d  t h a t  t h e  ma themat i ca l  approach of o p e r a t i o n s  
r e s e a r c h  had a second l i m i t a t i o n  - namely, t h a t  i t  c o u l d  n o t  d e a l  w i t h  
non- l inea r  r e l a t i o n s h i p s  (which he deemed t o  be i m p o r t a n t  i n  complex 
s y s t e m s )  because  t h e y  d e f y  a n a l y t i c a l  t r e a t m e n t .  T h i s  l e a d s  t o  t h e  t h i r d  
founda t ion  - i.e. F o r r e s t e r ' s  b e l i e f  tha t  t h e  experimental approach t o  
systems a n a l y s i s  offered the  t e c h n i q u e  o f  s i m u l a t i n g  a system u s i n g  a 
mathematical model and d i d  n o t  r e q u i r e  a n a l y t i c a l  solut ions for t h e  
e q u a t i o n s  invo lved  i n  d e s c r i b i n g  t h e  system. 
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T h e  f o u r t h  f o u n d a t i o n  - t h e  d i g i t a l  computer - provided t h e  means 
whereby l a r g e  s i m u l a t i o n  models c o u l d  be programmed and r u n  r e l a t i v e l y  
c h e a p l y  a t  a h i g h  speed. These f o u r  e l e m e n t s  - which had a l l  l a r g e l y  been 
s p u r r e d  by m i l i t a r y  and commercial  i n t e r e s t s  - fused  i n t o  t h e  
development o f  i n d u s t r i a l  dynamics. 
"Aided by a g r a n t  from t h e  Ford Foundat ion,  a r e s e a r c h  program began t o  
r e l a t e  t h e  e l emen ta ry  c o n c e p t s  of feedback systems,  p r e v i o u s l y  developed 
i n  t h e  e n g i n e e r i n g  f i e l d s ,  t o  t h e  p r o c e s s e s  i n  s o c i a l  systems. 
Compatible w i t h  t h e  o v e r r i d i n g  d e t e r m i n a t i o n  t o  avo id  r e s t r i c t i o n  t o  
s i m p l e  l i n e a r  systems,  a n a l y t i c a l  t r e a t m e n t  was subord ina ted .  One c o u l d  
f o r  t h e  f irst  time t u r n  away from mathemat i ca l  s o l u t i o n s  as t h e  
p r i n c i p l e  means of a n a l y s i s  because computers had reached t h e  p o i n t  
where conven ien t  low-cost  system s i m u l a t i o n  was p o s s i b l e .  With 
s i m u l a t i o n  a v a i l a b l e  a s  a p r o c e d u r e  f o r  d e t e r m i n i n g  t h e  behav io r  o f  a 
model system, i t  became f r u i t f u l  t o  c o n c e n t r a t e  n o t  on ma themat i ca l  
methods b u t  on t h e  fundamental  n a t u r e  o f  s t r u c t u r e  i n  systems." ( 6 )  
The c o n c e p t u a l  development of i n d u s t r i a l  dynamics was complemented by 
t h e  f o r m u l a t i o n  of a s p e c i a l i s e d  computer language - c a l l e d  DYNAMO - t o  
h a n d l e  t h e  model s i m u l a t i o n s . T h i s  caused some peop le  t o  v iew i n d u s t r i a l  
dynamics merely as a t echn ique ;  however, F o r r e s t e r  saw i t  i n  much b roade r  
terms. 
"Although s t i l l  v e r y  incomple t e ,  i n d u s t r i a l  dynamics is a body o f  t h e o r y  
d e a l i n g  w i t h  f eedback  dynamics. It is a view of t h e  nature of s t r u c t u r e  
i n  p u r p o s e f u l  systems." (7)  
I n  f o r m u l a t i n g  t h e  c o n c e p t s  of i n d u s t r i a l  dynamics F o r r e s t e r  drew upon 
t h e  s ta te  v a r i a b l e  approach  o f  e n g i n e e r i n g .  He saw t h i s  as a d i s t i n c t  
p a r t  of many f i e l d s ,  i n c l u d i n g  economics and psychology from which he 
h a s  r e f e r r e d  t o  t h e  work of Lewin and t h e  i d e a  of a ' p s y c h o l o g i c a l  
f i e l d t 8 .  It is worth e x p l a i n i n g  t h i s  approach  i n  some d e t a i l  because  i t  
u n d e r p i n s  t h e  b a s i s  o f  a l l  s y s t e m  dynamics models. 
A t  any g i v e n  moment i n  time, the state of a s y s t e m  can be d e s c r i b e d  by 
t h e  va lues  of its v a r i a b l e s  - t h e  state v a r i a b l e s  (which i n  sys t em 
dynamics t e rmino logy  are c a l l e d  levels) .  Given knowledge of t h e  p r e s e n t  
s ta te  of t h e  system, t o g e t h e r  w i t h  i n f o r m a t i o n  abou t  its p r e s e n t  and 
f u t u r e  i n p u t s ,  t h e  f u t u r e  s ta tes  and f u t u r e  o u t p u t s  can  be  c a l c u l a t e d .  
Thus, the s t a t e  o f  the s y s t e m  a t  t h e  time ( t + l )  is o n l y  dependent  upon 
t h e  s ta te  of t h e  sys t em a t  time ( t )  and t h e  i n p u t s  between ( t )  and  ( t + l ) .  
L e t  us i l l u s t r a t e  t h i s  w i t h  t h e  example of a water c i s t e r n .  Using sys t em 
dynamics n o t a t i o n  we have  
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- - - - - j :information flow 
-> =phys ica l  flow 
S=source of  water 
L=water l e v e l  
- - -  
--L- C R:rate of inf low 
t 
--c- = p r e s e t  water l e v e l  
The he igh t  of the  water i n  t h e  c i s t e r n  is represented  by ( L )  t h e  s t a t e  
or l e v e l  va r i ab le ;  ( R )  r ep resen t s  the  r a t e  of inflow of water, which of 
course is r e l a t e d  t o  (L) by a feedback loop  which is effected 
mechanically by a ballcock. Now t h e  equat ion f o r  (LI a t  t i m e  ( t+Ot ) ,  
where ( A t )  is a small time increment, i s  given by t h e  fol lowing 
d i f f e rence  equat ion 
And, t h e  equat ion f o r  t h e  inf low rate is some func t ion  of  (L). 
Although i n  more complex i n d u s t r i a l  dynamics models there are many 
a u x i l i a r y  equat ions  which are used t o  c a l c u l a t e  va r ious  v a r i a b l e s  
wi th in  t h e  r a t e  equat ions,  neve r the l e s s  it is contended t h a t =  complex 
systems can be represented  by j u s t  levels and rates. The l e v e l s  
r ep resen t  I n t e g r a t i o n s  through time and completely desc r ibe  the  state 
of  t h e  system; they are also used t o  c a l c u l a t e  t h e  r a t e s .  These represent  
po l i cy  dec i s ions  which cause t h e  l e v e l s  t o  change; i n  t h e  example j u s t  
given, we have d iscussed  a phys ica l  flow, but rate v a r i a b l e s  may refer t o  
o the r  'flows' such a s  b i r t h s  and dea ths  etc. Simple though t h e  example is, 
i t  i l l u s t r a t e s  the  fundamental bu i ld ing  blocks from which i n d u s t r i a l  
dynamics models of  a corpora te  system a r e  constructed.  
The first s t e p  i n  model cons t ruc t ion  is t o  i d e n t i f y  t h e  g o a l s  and 
problems of the  organiza t ion  involved, followed by a d e s c r i p t i o n  o f  t h e  
problem s i t u a t i o n  which must cap ture  the  important i n t e r r e l a t i o n s h i p s  
between t h e  f a c t o r s  involved. T h i s  would usua l ly  involve  the 
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i d e n t i f i c a t i o n  o f  t h e  system's  f eedback  l o o p s  and s u b - s t r u c t u r e s .  T h i s  
v e r b a l  d e s c r i p t i o n  i s  t h e n  t r a n s l a t e d  i n t o  a ma themat i ca l  model which 
c o n s i s t s  o f  t h e  l e v e l  and ra te  e q u a t i o n s  (and any a u x i l i a r i e s ) ;  t h i s  
model is t h e n  used f o r  s i m u l a t i o n  experiments .  
Obviously,  t h e  p r o p e r t i e s  of l a r g e  a g g r e g a t e s  of feedback l o o p s  become 
q u i t e  complex. In f a c t ,  F o r r e s t e r  s t a t e d  t h a t  t h e  behav iour  of  an 
i n f o r m a t i o n  feedback system was d e r i v e d  from three f a c t o r s :  s t ruc ture ,  
d e l a y s ,  and a m p l i f i c a t i o n .  The s t r u c t u r e  of a sys t em is g i v e n  by t h e  
i n t e r l o c k i n g  feedback l o o p s  which i n t e r r e l a t e  the  system l e v e l s  and 
rates; d e l a y s  may o c c u r  i n  a material or  i n f o r m a t i o n  f low and i n t r o d u c e  
t r a n s i e n t  r e s p o n s e s  i n t o  t h e  behav iour  of a system; and, a m p l i f i c a t i o n  
i s  the  p r o p e r t y  whereby a small change i n  one  p a r t  of a system may 
produce a large v a r i a t i o n  i n  a n o t h e r  p a r t .  These three f a c t o r s  may a l so  
i n t e r a c t  w i t h  each o t h e r  t o  produce f u r t h e r  complex p a t t e r n s  of 
behaviour .  
The p e r i o d  from 1956-1961 saw t h e  f o r m a t i o n  o f  t h e  c o n c e p t s  of feedback 
p r o c e s s e s  upon which i n d u s t r i a l  dynamics was based and t h e i r  
a p p l i c a t i o n  t o  t h e  s t e a d y - s t a t e  dynamics of c o r p o r a t e  p o l i c i e s  (i.e. 
f l u c t u a t i o n s  a b o i u t  an e q u i l i b r i u m  s t a t e ) .  The y e a r s  from 1962-1966 were 
concerned w i t h  t h e  c o n s o l i d a t i o n  and c l a r i f i c a t i o n  of c o n c e p t s  and 
e x p e r i m e n t a l  c o u r s e s  were d e v i s e d  f o r  t e a c h i n g  them t o  management 
s t u d e n t s .  I n d u s t r i a l  dynamics was ex tended  t o  cove r  s i t u a t i o n s  where 
n o n - l i n e a r i t i e s  were i m p o r t a n t  and p o s i t i v e  f eedback  p r o c e s s e s  were 
a l s o  i n v e s t i g a t e d .  Both o f  t h e  examples d e s c r i b e d  earlier c o n t a i n  
n e g a t i v e  feedback l o o p s  where t h e  s y s t e m  f l u c t u a t e s  around a s t eady-  
s t a t e  e q u i l i b r i u m  - i.e. t h e y  are goal d i r e c t e d .  In c o n t r a s t ,  p o s i t i v e  
feedback l o o p s  move away from a goa l ;  a good example is the  e x p o n e n t i a l  
growth of a b a c t e r i a l  p o p u l a t i o n  ( u n t i l  i t  e x h a u s t s  t h e  c a r r y i n g  
c a p a c i t y  of i ts  environment,  a t  which p o i n t  n e g a t i v e  feedback checks  the  
growth rate). I n  an i n d u s t r i a l  c o n t e x t  t h e  p r o c e s s e s  s t u d i e d  invo lved  
s t o c k - c o n t r o l  problems, growth i n  p r o d u c t s  and companies. The h o r i z o n s  
of i n d u s t r i a l  dynamics were, however, s e e n  t o  be  much more e x t e n s i v e .  
"During t h i s  p e r i o d  t h e  view of i n d u s t r i a l  dynamics was e n l a r g e d  n o t  
o n l y  t o  i n c l u d e  t h e  a p p l i c a t i o n  t o  e n t e r p r i s e  d e s i g n  b u t  also t o  become 
a general systems t h e o r p  t o  s e r v e  as a u n i f y i n g  framework c a p a b l e  o f  
o r g a n i z i n g  behav io r  and r e l a t i o n s h i p s  i n  areas as d i v e r s e  as 
e n g i n e e r i n g ,  medicine,  management, psychology,  and economics." ( 9 )  
emphasfs  added 
What t h i s  i n d i c a t e s  is t h a t  F o r r e s t e r  had come t o  see t h e  t h e o r y  o f  
i n d u s t r i a l  dynamics a s  of much more general impor t ance  than  c o r p o r a t e  
sys t ems  - i t  was a "general sys t ems  theory".  T h i s  p r o v i d e s  a key t o  the  
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n e x t  phase  o f  t h e  development o f  sys t em dynamics - namely, t h e  movement 
i n t o  t h e  mode l l ing  of o t h e r  t y p e s  of  s o c i a l  sys tems such as c i t i e s .  
1.2.1 iJiìBAN DïìiAMICS 
In i 9 6 8  F o r r e s t e r  ex tended  t h e  domain of  i n d u s t r i a l  dynamics t o  
encompass t h e  p r o c e s s e s  i n v o l v e d  i n  t h e  growth and d e c l i n e  of c i t i es .  
Funding was a g a i n  o b t a i n e d  from t h e  Ford Foundat ion and F o r r e s t e r  
b e l i e v e d  t h a t  i n d u s t r i a l  dynamics c o u l d  shed  new l i g h t  on t h e  problems 
o f  urban s t a g n a t i o n .  He examined p o l i c i e s  f o r  urban r e v i v a l  and a l s o  
s o u g h t  t o  e x p l a i n  t h e  f a i l u r e  o f  p a s t  p o l i c i e s  which he though t  had 
o f t e n  merely e x a c e r b a t e d  t h e  problems t h e y  were d e v i s e d  t o  tackle. 
The c o r n e r s t o n e  o f  F o r r e s t e r ' s  urban mode l l ing  p r o j e c t  was t h e  alleged 
b e h a v i o u r a l  p r o p e r t i e s  o f  complex systems;  t h e s e  were now fo rmula t ed  as 
f o l l o w s  ' O :  
i) C o u n t e r i n t u i t i v e  n a t u r e  of complex systems 
.. 2 )  I n s e n s i t i v i t y  t o  p a r a m e t e r  changes  
3)  Resistance t o  p o l i c y  changes  
4 )  E x i s t e n c e  o f  s e n s i t i v e  i n f l u e n c e  p o i n t s  
5 )  C o r r e c t i v e  programs c o u n t e r a c t e d  by t h e  sys t em 
6 )  D i f f e r e n c e  between long-term and s h o r t - t e r m  r e s p o n s e s  
7 )  Drift t o  low performance 
In I n d u s t r i a l  Dynamics F o r r e s t e r  had s t a t e d  t h a t  at  t h e  time of w r i t i n g  
i t  was n o t  p o s s i b l e  t o  g e n e r a l i s e  a b o u t  t h e  n a t u r e  of complex non- l inea r  
systems.  Urban Dynamics' ' r e p r e s e n t s  a d e p a r t u r e  from t h i s  p o s i t i o n ,  
s i n c e  in i t  these g e n e r a l  p r o p e r t i e s  are s p e l l e d  out .They are t h e r e f o r e  
worth n o t i n g  i n  some d e t a i l  h e r e  b u t  w e  w i l l  l e a v e  t h e  a n a l y s i s  of t h e  
a s s u m p t i o n s  u n d e r l y i n g  them t o  l a t e r  c h a p t e r s .  
1 )  C o u n t e r i n t u i t i v e  n a t u r e  ofcomplex sys t ems  
I n  h i s  earlier work F o r r e s t e r  had s u g g e s t e d  t h a t  i n t u i t i o n  was 
u n r e l i a b l e  i n  i n f e r r i n g  the  behav iour  o f  a complex system; now h e  s t a t e d  
more f i r m l y  t h a t  complex sys t ems  were a c t u a l l y  c o u n t e r i n t u i t i v e  - t h a t  
15 
is " t h e y  g i v e  i n d i c a t i o n s  t h a t  s u g g e s t  c o r r e c t i v e  a c t i o n  which w i l l  
o f t e n  be i n e f f e c t i v e  or  even a d v e r s e  i n  i ts results"12. He argued t h a t  
o u r  i n t u i t i o n s  are formed by exposure t o  r e l a t i v e l y  s i m p l e  sys t ems  and 
were n o t  c a p a b l e  o f  i n f e r r i n g  t h e  behav iour  o f  a complex sys t em w i t h  
many n o n - l i n e a r i t i e s  and f eedback  loops.  
"With a h igh  d e g r e e  o f  c o n f i d e n c e  w e  can s a y  t h a t  t h e  i n t u i t i v e  
s o l u t i o n s  t o  t h e  problems of complex s o c i a l  sys t ems  w i l l  be wrong most 
of t h e  time. Here l i e s  much o f  t h e  e x p l a n a t i o n  f o r  t h e  problems of  
f a l t e r i n g  companies,  d i s a p p o i n t m e n t s  i n  d e v e l o p i n g  n a t i o n s ,  f o r e i g n -  
exchange c r i s e s ,  and t r o u b l e s  of urban areas." (13) 
2 )  I n s e n s i t i v i t y  t o  pa rame te r  changes  
A complex s y s t e m  is a l l e g e d  t o  be i n s e n s i t i v e  t o  changes i n  i ts  
pa rame te r s ;  i n  o t h e r  words, changes  i n  t h e  v a l u e  o f  a pa rame te r  do no t  
a p p r e c i a b l y  a l te r  t h e  behav iour  o f  t h e  system. T h i s  l e a d s  t o  t h e  
argument t h a t  t h e  s t r u c t u r e  o f  a sys t em is more i m p o r t a n t  t han  d a t a ,  an 
argument which u n d e r s c o r e s  F o r r e s t e r ' s  g e n e r a l  sys t ems  approach.  
"The l i f e  c y c l e  of companies  f o l l o w s  similar p a t t e r n s  i n  v e r y  d i f f e r e n t  
i n d u s t r i e s  and even i n  d i f f e r e n t  companies. Problems i n  economic 
development are much the same r e g a r d l e s s  of continent, s o c i a l  heritage, 
o r  even a v a i l a b i l i t y  of raw materials." (14)  
3 )  Resistance t o  p o l i c y  chanßes 
Complex sys t ems  are s a i d  t o  resist p o l i c y  changes; t h e  sys t em reacts t o  
any  change so  as t o  d e f e a t  i t  and p r e s e r v e  its i n i t i a l  state. T h i s  
p r o p e r t y  is a n a l o g o u s  t o  homeos ta s i s  i n  l i v i n g  o rgan i sms  (e.g. 
maintenance of body t e m p e r a t u r e )  or the e q u i l i b r i u m  states i n  sys t ems  of 
chemica l  r e a c t i o n s .  
4) Existence of s e n s i t i v e  i n f l u e n c e  p o i n t s  
Although sys t ems  are g e n e r a l l y  i n s e n s i t i v e  t o  pa rame te r  changes,  t h e y  
o f t e n  have a f e w  s e n s i t i v e  inf luence p o i n t s  where t h e  change i n  a 
pa rame te r  may g r e a t l y  a f f ec t  t h e  system's behaviour .  T h i s  p r o p e r t y  is 
r e l a t e d  t o  t h e  n o t i o n  of a m p l i f i c a t i o n  i n  a sys t em (which we r e f e r r e d  t o  
earlier 1. 
5) C o r r e c t i v e  DroKramS c o u n t e r a c t e d  by t h e  svstem 
C o r r e c t i v e  programs t e n d  t o  d i s p l a c e  or  p e r t u r b  c o r r e s p o n d i n g  i n t e r n a l  
p r o c e s s e s  w i t h i n  a s y s t e m  and t h u s  have less effect  t h a n  may be 
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a n t i c i p a t e d .  A s  w i t h  t h e  r e s i s t a n c e  t o  p o l i c y  changes,  t h e  system 
c o u n t e r s  any a p p l i e d  f o r c e  such as t h a t  r e p r e s e n t e d  by a c o r r e c t i v e  
program. 
"Only a p p l i e d  programs of i n t r i n s i c  low c o s t  are f e a s i b l e .  P robab ly  no 
a c t i v e ,  e x t e r n a l l y  imposed program is s u p e r i o r  t o  a system m o d i f i c a t i o n  
tha t ,  changes i n t e r n a l  i n c e n t i v e s  and l e a v e s  t h e  burden o f  system 
improvement t o  i n t e r n a l  processes ."  ( 15 )  
6 )  D i f f e r e n c e s  between lona - t e rm and s h o r t - t e r m  r e s p o n s e s  
T h i s  p o i n t  g o e s  back t o  i n d u s t r i a l  dynamics and c e n t r e s  upon t h e  i d e a  
t h a t  t h e  behav iour  of a sys t em may be ve ry  d i f f e r e n t  i n  t h e  long-term 
t h a n  t h e  s h o r t  term, e s p e c i a l l y  i n  r e s p o n s e  t p  p o l i c y  changes. Thus, a 
program which has i n i t i a l  s h o r t - t e r m  b e n e f i t s  may have d i s a s t r o u s  
consequences  i n  t h e  l o n g  run. 
"This  c o n f l i c t  between s h o r t - t e r m  and long-term system r e s p o n s e  p a r t l y  
a c c o u n t s  for  the  unhappy s t a t e  of our  p r e s e n t  urban systems. As v o t e r  
p r e s s u r e  and p o l i t i c a l  exped iency  combine t o  f a v o r  s h o r t - r u n  
c o n s i d e r a t i o n s ,  t h e  stage is set for  long-term degeneration. ' '  ( 1 6 )  
7 )  Drif t  t o  low performance 
The i d e a  here is t h a t  complex sys t ems  t e n d  to move i n t o  a c o n d i t i o n  of 
low performance; t h i s  is t h o u g h t  t o  be  ma in ly  due t o  t h e  i n t e r p l a y  of t h e  
o t h e r  p r o p e r t i e s  and t h e  i n t u i t i v e  s h o r t - t e r m  s o l u t i o n s  which are 
des igned  t o  a l t e r  sys t em performance. 
B r i n g i n g  these sys t em p r i n c i p l e s  i n t o  t h e  s t u d y  of urban problems meant 
t h a t  some of F o r r e s t e r ' s  views of c o n v e n t i o n a l  urban programs, and h i s  
a l t e r n a t i v e  p o l i c y  recommendations, were a t  odds w i t h  much of t h e  
r e c e i v e d  wisdom on t h e  s u b j e c t .  He contended t h a t  effect ive programs 
r e q u i r e d  the a p p r e h e n s i o n  of t he  p r o p e r t i e s  of complex sys t ems  - of 
which an u rban  sys t em was b u t  one  example - and s h o u l d  be t e s t e d  o u t  
beforehand on an e x p l i c i t  computer model which, u n l i k e  the  human mind, 
h a s  the a b i l i t y  t o  map o u t  t h e  behav iour  of a complex system. 
The number of l e v e l s  (o r  state v a r i a b l e s )  i n  t h e  urban model was twenty,  
i n c l u d i n g  three economic classes, three sets of hous ing  c a t e g o r i e s  and 
t h r e e  t y p e s  of b u s i n e s s  e n t e r p r i s e .  These formed t h r e e  subsystems which 
were t h o u g h t  t o  govern the  c e n t r a l  p r o c e s s e s  invo lved  i n  urban growth 
and s t a g n a t i o n .  The model d i d  n o t  co r re spond  t o  any real c i t y  and 
F o r r e s t e r  r e l i e d  l a r g e l y  on guesswork t o  calibrate the  dozens  of 
r e l a t i o n s h i p s  and p a r a m e t e r s  which were used t o  describe t h e  
17 
i n t e r c o n n e c t i o n s  between t h e  l eve ls  and rates. The aim was t o  f o c u s  
a t t e n t i o n  on t h e  e n t i r e  l i f e  c y c l e  o f  an urban area, and t h e  model 
s i m u l a t i o n s  were run  f o r  a 250 y e a r  pe r iod .  The model shows how growth 
g i v e s  way t o  m a t u r i t y  and is t h e n  fo l lowed  by decay. 
"The a r e a  is  a complex, s e l f - r e g u l a t i n g  system t h a t  creates i n t e r n a l  
p r e s s u r e s  t o  modify economic a c t i v i t y  and s h i f t  t h e  u s e s  of  land,  
s t ruc tures  and people.  These changes are dominated by t h e  c o n s t r u c t i o n ,  
ag ing ,  and d e m o l i t i o n  o f  i n d u s t r y  and housing combined w i t h  c o n c u r r e n t  
p o p u l a t i o n  movements." ( 17) 
1.2.2 YOBLD DYüAìUCS 
The next  major e x t e n s i o n  o f  sys t em dynamics was t h e  g l o b a l  model WORLD 2 
which is d e s c r i b e d  i n  World Dynamicslg. T h i s  p r o j e c t  grew o u t  of a 
mee t ing  between F o r r e s t e r  and members o f  t h e  Club of  Rome i n  1970. T h i s  
o r g a n i z a t i o n  is an i n t e r n a t i o n a l  group o f  s c i e n t i s t s ,  businessmen, and 
poi icymakers ,  founded by P e c c e i 1 9 i n  o r d e r  t o  draw a t t e n t i o n  t o  and s t u d y  
var ious world problems. 
"The members act  as p r i v a t e  c i t i z e n s .  They are n o t  i n  governmental  
decis ion-making p o s i t i o n s .  T h e i r  o r i e n t a t i o n  is a c t i v i s t  - t h a t  is, t h e y  
wish t o  do more than  s t u d y  a n d  understand.  They wish t o  c l a r i f y  t h e  
course of human events i n  a way t h a t  can be t r a n s m i t t e d  t o  governments 
and p e o p l e s  t o  i n f luence  t h e  t r e n d s  of r i s i n g  p o p u l a t i o n ,  i n c r e a s i n g  
p o l l u t i o n ,  greater crowding, and growing s o c i a l  strife." (20) 
, F o r r e s t e r  b e l i e v e d  t h a t  sys t em dynamics o f f e r e d  a powerful  method of 
f o r m u l a t i n g  t h e  problems which concerned t h e  Club, and after t h e  i n i t i a l  
mee t ing  i n  Bern F o r r e s t e r  i n v i t e d  Club members t o  MIT f o r  a two week 
m e e t i n g  f o r  which t h e  world model was prepared.  
"The meeting i n c l u d e d  t h e  general t h e o r y  and b e h a v i o r  of complex sys t ems  
and t a l k s  on t h e  b e h a v i o r  of s p e c i f i c  social  systems,  r a n g i n g  from 
c o r p o r a t i o n s  th rough  commodity marke t s  t o  b i o l o g i c a l  systems,  d rug  
a d d i c t i o n  i n  t h e  c o m u n i t y ,  and t h e  growth and d e c l i n e  o f  a c i t y . "  ( 2 1 )  
The model a d d r e s s e d  t h e  g l o b a l  i n t e r a c t i o n s  between p o p u l a t i o n ,  
agriculture,  i n d u s t r y ,  r e s o u r c e s ,  and p o l l u t i o n .  Being a g g r e g a t e d  a t  a 
g l o b a l  l e v e l  i t  d i d  n o t  d i f f e r e n t i a t e  between i n t e r n a t i o n a l  and 
i n t r a n a t i o n a l  d i f f e r e n c e s ,  and o n l y  c o n t a i n e d  f i v e  levels.  The model 
o n l y  c o n t a i n e d  two e m p i r i c a l  d a t a  p o i n t s  - t h e  p o p u l a t i o n  levels  f o r  
1900 and 1970 - a l l  r e l a t i o n s h i p s  again b e i n g  guessed by F o r r e s t e r .  The 
model s i m u l a t i o n  began i n  1900 and ran u n t i l  t h e  y e a r  2100. From its 
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behav iour  F o r r e s t e r  made t h e  s t a r t l i n g  p r e d i c t i o n  t h a t  t h e  world system 
was f a c i n g  a c a t a s t r o p h i c  c o l l a p s e  sometime i n  t h e  nex t  cen tu ry .  T h e  
bas ic  message was t h a t  t h e  world had f i x e d  l i m i t s  t o  growth - i t  cou ld  
o n l y  s u p p c r t  a c e r t a i n  number o f  peop le  a t  any g iven  s t a n d a r d  of l i v i n g ,  
i t  cou ld  o n l y  a b s o r b  so  much p o l l u t i o n ,  and n a t u r a l  r e s o u r c e s  were 
f i n i t e  . Forrester  argued t h a t  t h e  world must move towards an 
e q u i l i b r i u m  s o c i e t y  where t h e  growth i n  p o p u l a t i o n  and 
i n d u s t r i a l i z a t i o n  would be pe rmanen t ly  h a l t e d .  He sugges t ed  t h a t  one way 
t o  a c h i e v e  t h i s  would be t o  r educe  world food p roduc t ion ,  t h e  b i r t h  rate, 
c a p i t a l  i nves tmen t ,  t h e  g e n e r a t i o n  of p o l l u t i o n  and n a t u r a l  r e s o u r c e  
usage. Pe rhaps  the most s u r p r i s i n g  a s p e c t  o f  t h e s e  s u g g e s t i o n s  is t h e  
i d e a  of r e d u c i n g  food p roduc t ion ,  f o r  t h i s  would o b v i o u s l y  grea t ly  
i n c r e a s e  t h e  d e a t h  r a t e  amongst t h e  world 's  popu la t ion .  The model 
spa rked  o f f  a v e r y  heated debate i n  many academic c i rc les  and i n  o t h e r  
forums, n o t  o n l y  because  of t h e  c o n t r o v e r s i a l  n a t u r e  of t h e  p o l i c y  
recommendations b u t  a l s o  because  of t h e  a s sumpt ions  b u i l t  i n t o  it and 
t h e  fac t  t h a t  i t  was based on v i r t u a l l y  z e r o  e m p i r i c a l  d a t a .  
Although the  World 2 model c o n t a i n s  o n l y  5 l e v e l s ,  t h e  t o t a l  number of  
v a r i a b l e s  is an o r d e r  of magnitude larger. The flow diagram for t h e  
model a p p e a r s  i n  F i g u r e ( 1 )  and  t h e  d e f i n i t i o n  of its symbols are as 
follows: 
l e v e i  
a ra te  
a u x i l i a r y  v a r i a b l e  O 
c o n s t a n t  pa rame te r  
s o u r c e  or  s i n k  --> phys ica l  f low Q 
- - - -  9 i n f o r m a t i o n  flow 
The model is a c t u a l l y  q u i t e  complex i n  appearance,  even though i ts  
behav iour  is c r u c i a l l y  l i n k e d  t o  c e r t a i n  key a s sumpt ions  c o n c e r n i n g  t h e  
n a t u r e  of t h e  wor ld  s y s t e m  - e.g., t h a t  the world is  undergoing 
e x p o n e n t i a l  growth i n  p o p u l a t i o n  and c a p i t a l i z a t i o n .  The s t a n d a r d  r u n  of 
t h e  model is shown i n  Figure(2). P o p u l a t i o n  and c a p i t a l  i nves tmen t  grow 
e x p o n e n t i a l l y  w h i l s t  n a t u r a l  r e s o u r c e s  become i n c r e a s i n g l y  scarce, 
E v e n t u a l l y  - i ndeed  i n e v i t a b l y ,  g i v e n  t h a t  it is assumed t h a t  r e s o u r c e s  
are f i x e d  - t h e  e x h a u s t i o n  o f  n a t u r a l  r e s o u r c e s  p r e c i p i t a t e s  t h e  
i F o r r e s t e r  a c t u a l l y  began t o  t a l k  of t h e  fundamental  laws of nature and 
s o c i a l  systems. 
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Figure  1 Flow Diagram f o r  The World Model 
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Figure 2 Standard run of World 2 
c o l l a p s e  of p o p u l a t i o n  and c a p i t a l  investment .  
1.2.3 THE LIMITS TO GROW 
The Club o f  Rome were s u f f i c i e n t l y  convinced o f  t h e  potency of  s y s t e m  
dynamics d u r i n g  t h e i r  meet ing a t  MIT t h a t  t h e  d e c i s i o n  was t aken  t o  
sponsor  a much more a m b i t i o u s  p r o j e c t .  T h i s  was t o  i n v o l v e  a more 
complex v e r s i o n  of F o r r e s t e r ' s  p r o t o t y p e  model, t o  be b u i l t  by a 
m u l t i d i s c i p l i n a r y  team headed by Dennis Meadows - F o r r e s t e r ' s  former 
r e s e a r c h  s t u d e n t .  F i n a n c i n g  was o b t a i n e d  from t h e  Volkswagen Foundat ion 
and t h e  new model was named WORLD 3. F o r r e s t e r  d i d  n o t  a c t i v e l y  
p a r t i c i p a t e  on t h e  p r o j e c t  because  he was committed t o  f u r t h e r  urban 
mode l l ing  work. The f i n d i n g s  o f  t h e  team were p u b l i s h e d  i n  The L i m i t s  t o  
Growth22in 1972 and l a r g e l y  r e i t e r a t e d  t h o s e  of World Dynamics. 
The L i m i t s  t o  Growth was a 'popular '  r e p o r t  and as such c o n t a i n e d  no 
d e t a i l e d  t e c h n i c a l  i n fo rma t ion .  It spa rked  off a tremendous c o n t r o v e r s y  
- rece iv ing  a great d e a l  o f  media coverage,  p a r t i c u l a r l y  i n  t h e  Un i t ed  
States'3. From t h e i r  s c i en t i f i c  a u d i e n c e  t h e  World 3 team drew some 
s c a t h i n g  criticisms; t h i s  was p a r t l y  because  t h e y  had n o t  gone through 
t h e  normal c h a n n e l s  o f  s c i e n t i f i c  p u b l i c a t i o n ,  b u t  had i n s t e a d  launched 
t h e  results o f  t h e  model a m i d s t  a p u b l i c i t y  campaign w i t h o u t  first 
s u b m i t t i n g  t h e i r  work f o r  d e t a i l e d  c r i t i ca l  evaluation. The book s o l d  
n e a r l y  3 m i l l i o n  c o p i e s  worldwide, w i t h  a lmos t  500,000 i n  t h e  
N e t h e r l a n d s  alone.  The f u l l  t e c h n i c a l  r e p o r t  - Dynamics o f  Growth i n  a 
F i n i t e  World24 - fol lowed i n  i974. 
1.2.4 ïüE SY- DmâüICS HATIOUAL MODEL 
For  t h e  last several y e a r s  F o r r e s t e r  and h i s  c o l l e a g u e s  have been 
engaged upon m o d e l l i n g  t h e  economy o f  t h e  Un i t ed  S t a t e s  - though 
F o r r e s t e r  argues t h a t  i n  p r i n c i p l e  t h e  model is a p p l i c a b l e  t o  any 
n a t i o n a l  economy. T h i s  model is t h e  most a m b i t i o u s  t o  d a t e ,  bo th  i n  terms 
o f  s i z e  and complexi ty ,  and is a d d r e s s e d  t o  t h e  problems of i n f l a t i o n  
and long-term unemployment. It is f i n a n c i a l l y  s u p p o r t e d  by t h e  
R o c k e f e l l e r  B r o t h e r s  Fund and c o n t a i n s  some 1500 levels.  Un l ike  ear l ier  
system dynamics models it c o n t a i n s  p r o c e s s e s  which are s a i d  t o  generate 
t h r e e  d i s t i n c t  c y c l e s  of behaviour;  t h e s e  are t h e  b u s i n e s s  c y c l e  (3-7 
y e a r s ) ,  t h e  Kuznets c y c l e  (c. 20 y e a r s )  which arises from f a c t o r  
replacement  between c a p i t a l  and l a b o u r ,  and t h e  Kondra t i e f f  long wave 
c y c l e  (c. 50 y e a r s )  which s t ems  from t h e  growth and c o l l a p s e  o f  c a p i t a l  
s e c t o r s .  F u l l  d e t a i l s  of t h i s  model are n o t  y e t  a v a i l a b l e  and 
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c o n s e q u e n t l y  we w i l l  o n l y  make b r i e f  r e f e r e n c e s  t o  i t  d u r i n g  t h e  
remainder  of t h i s  d i ~ s e r t a t i o n ~ ~ .  
Within t h e  S loan  Schoo l  F o r r e s t e r  set up t h e  System Dynamics Group which 
h a s  been a major s o u r c e  of system dynamics r e s e a r c h ,  i n v o l v i n g  both 
unde rg radua te  and p o s t g r a d u a t e  t e a c h i n g  p r o g r a m e s .  Also, t h e r e  are now 
a number of d i f f e r e n t  system dynamics mode l l ing  g roups  i n  s e v e r a l  
c o u n t r i e s .  I n  B r i t a i n ,  f o r  example, t he re  is a group a t  t h e  U n i v e r s i t y  o f  
Bradford,  and a n o t h e r  a t  t h e  London B u s i n e s s  School.  F u r t h e r ,  t h e  r ange  
o f  s u b j e c t s  t o  which sys t em dynamics has now been a p p l i e d  is q u i t e  
e x t r a o r d i n a r y ;  t h e  f o l l o w i n g  l ist  g i v e s  some i n d i c a t i o n  of  t h e  
d i v e r s i t y 2 6 .  
Real es ta te  economies; U.S. ene rgy  systems;  The search fo r  a p o l i c y  on 
h e r o i n ;  O c c u p a t i o n a l  program p lann ing ;  Economic development; The 
c u l t u r a l  s t r u c t u r e  of p r e - C h r i s t i a n  Rome; The world cocoa market; 
Terrestrial ecosystems;  Re t i r emen t  policies w i t h i n  t h e  m i l i t a r y ;  Gypsy 
moth p o p u l a t i o n s ;  Dynamics of world peace; Educat ion;  Crime; urban 
t ra f f ic ;  Reg iona l  employment 
I n  order t o  summarise t h e  main f e a t u r e s  i n  t he  development of system 
dynamics we can  c o n s i d e r  i t  a s  a t h e o r e t i c a l  c o r e  t o g e t h e r  w i t h  a domain 
of a p p l i c a t i o n s  . We can  r e p r e s e n t  its development by c o n s i d e r i n g  
changes  and e x p a n s i o n s  i n  i t s  c o r e  i n  r e l a t i o n s h i p  t o  t h e  d i f f e r e n t  
major  domains t o  which F o r r e s t e r  h a s  a p p l i e d  it. The r e s u l t  of t h i s  
scheme is d e p i c t e d  i n  F i g u r e ( 3 )  where w e  can  see a c o n s i s t e n t  change and 
expans ion  of t h e  t h e o r e t i c a l  c o r e  a s  each  new domain has been t a c k l e d ;  
we w i l l  r e t u r n  t o  some of t h e s e  p o i n t s  i n  d e t a i l  la ter  i n  Chap te r  Three. 
i 
A u m  on coypaar~ops 
We wish t o  i n t r o d u c e  t h e  d i s t i n c t i o n  between v a r i o u s  stages i n  t h e  
development of F o r r e s t e r ' s  t heo ry ,  such  as i n d u s t r i a l  dynamics, and t h e  
books which bea r  the same name - which is  t h i s  case is I n d u s t r i a l  
Dynamics. Thus, "urban dynamics" refers to  t h e  stage i n  t h e  development 
of t h e  t h e o r y  when urban sys t ems  were t a c k l e d ,  and Urban Dynamics refers 
t o  t he  s p e c i f i c  book d i s c u s s i n g  t h e  urban model. 
...................................................................... 
T h i s  idea is t a k e n  from the  'non-statement '  view o f  t h e o r í e s 2 7 .  i 
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The g e n e r a l  aim of t h i s  d i s s e r t a t i o n  is t h a t  o f  g a i n i n g  a comprehensive 
u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p  between system dynamics and t h e  
c u l t u r a l  c o n t e x t s  w i t h i n  which i t  h a s  developed. S p e c i f i c a l l y ,  w e  want 
t o  analyse the  ways i n  which system dynamics h a s  co-developed i n  
r e l a t i o n  t o  p a r t i c u l a r  soc ia l  s t r u c t u r e s ,  and t o  de t e rmine  t h e  n a t u r e  o f  
t h e  s o c i a l  r o l e ,  if any, t h a t  i t  might play.  T h e  g e n e r a l  problem t h a t  
c o n f r o n t s  u s  t h e r e f o r e ,  is t h e  r e l a t i o n s h i p  between knowledge and s o c i a l  
s t r u c t u r e s .  
Our i n v e s t i g a t i o n  r e p r e s e n t s  a s y n t h e s i s  of  v a r i o u s  e l emen t s  drawn 
p r i n c i p a l l y  from s o c i o l o g y  and modern a n t h r o p o l o g y  - o u r  greatest d e b t  
b e i n g  t o  Douglas'.  The o v e r a l l  p e r s p e c t i v e  o f  t h e  approach w i l l  be t o  
c o n s i d e r  system dynamics as a c u l t u r a l  a r te fac t  - a p r o d u c t  of c u l t u r e  - 
produced by, i n ,  and f o r  c u l t u r e  . + 
The form of the  r e l a t i o n s h i p  between knowledge and s o c i a l  s t r u c t u r e  can 
o n l y  b e  i n t e r p r e t e d  i n  terms o f  some s p e c i f i c  theoretical  model f o r  bo th  
' s o c i a l  s tructure '  and 'knowledge' are t h e o r e t i c a l  c o n s t r u c t s .  
Accordingly,  t h e  p r o j e c t  of t h i s  d i s s e r t a t i o n  w i l l  be based upon a 
s p e c i f i c  model of t h e  r e l a t i o n s h i p  which w i l l  be o u t l i n e d  s h o r t l y .  
F i r s t ,  however, i t  would seem r e l e v a n t  t o  c o n s i d e r  some o t h e r  ways of 
c o n c e p t u a l i s i n g  t h i s  r e l a t i o n s h i p  because  some o f  t h e  problems t h a t  
t h e y  engender are i n s t r u c t i v e  and lead u s  t o  the  model t o  be adop ted  f o r  
o u r  i n v e s t i g a t i o n .  The a p p r o a c h e s  i n  q u e s t i o n  are  p r e d i c a t e d  on v a r i o u s  
d i c h o t o m i e s  such as t h a t  between i n t e r n a l  h i s t o r y  and e x t e r n a l  h i s t o r y ,  
s c i e n c e  and ideo logy ,  o r  base and s u p e r s t r u c t u r e .  Our e x p o s i t i o n s  o f  
them w i l l  be b r i e f  and i n e v i t a b l y  s o m e w h a t e ;  ra ther  than  a t t e m p t i n g  
a detailed c r i t i ca l  e v a l u a t i o n  of each, w e  w i l l  p o i n t  o u t  some spec i f ic  
problems a s s o c i a t e d  w i t h  them and t h u s  set  the scene f o r  t h e  approach 
which we have taken. (References to d e t a i l e d  c r i t i q u e s  w i l l  however b e  
given.) . 
The e n q u i r y  m i g h t  b e g i n  by t r y i n g  t o  e s t a b l i s h  whether or n o t  system 
dynamics meets some p a r t i c u l a r  demarca t ion  c r i t e r i o n  for 'science' such 
as t h a t  proposed by, s ay ,  Popper2. Such an approach would, however, be  
s te r i le  f o r  s e v e r a l  r easons .  
...................................................................... 
+ The term ' c u l t u r e '  is used here i n  Douglas' s e n s e ,  i.e. t h e  t r a d i t i o n s ,  
s t a n d a r d s  and v a l u e s  which are produced by t h e  t r a n s a c t i o n s  - 
n e g o t i a t i o n s  and i n t e r a c t i o n s  - between i n d i v i d u a l s .  I n  o t h e r  words, 
c u l t u r e  is a c t i v e l y  produced. S o c i a l  s t r u c t u r e  is a more p r e c i s e  
t h e o r e t i c a l  concep t  which is used to d e s c r i b e  d i f f e r e n t  p a t t e r n i n g s  of 
c u l t u r a l  t r a n s a c t i o n s .  
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F i r s t l y ,  such an approach would be i m p l i c i t l y  underpinned by t h e  n o t i o n  
o f  a dichotomy between s c i e n c e  and pseudosc ience ,  or between s c i e n c e  and 
ideology.  I n  t h i s  t y p e  of p e r s p e c t i v e  s c i e n c e  is seen a s  be ing  o b j e c t i v e  
and t r u e  w h i l s t  n o n - s c i e n t i f i c  knowledge may be seen as a f a l s i t y  
r e s u l t i n g  from t h e  i n c u r s i o n  o f  c u l t u r a l  elements i n t o  t h e  p r o d u c t i o n  of 
knowledge. T h i s  r e d u c e s  t h e  s o c i o l o g y  of knowledge to t h e  s o c i o l o g y  o f  
e r r o r ,  and i f  a p p l i e d  t o  o u r  s u b j e c t ,  would p r e v e n t  u s  from apprehend ing  
s y s t e m  dynamics i n  a p r o p e r  c u l t u r a l  c o n t e x t i .  
Secondly,  s c i e n c e  (or  s c i e n t i f i c  a c t i v i t y ) ,  however one t r i e d  t o  d e f i n e  
i t ,  i s  a l s o  a c u l t u r a l  product .  
T h i r d l y ,  sys t em dynamics is a d d r e s s e d  t o  t h e  a n a l y s i s  o f  b o t h  p h y s i c a l  
sys t ems  and s o c i a l  systems.  It may be  t h a t  i t  c o u l d  meet some c r i t e r i o n  
f o r  s c i e n c e  when a p p l i e d  t o  t h e  domain of p h y s i c a l  systems,  b u t  t h i s  o f  
course would not  imply v a l i d i t y  i n  a p p l i c a t i o n  t o  s o c i a l  systems.  
Our view h e r e  is t h a t  q u e s t i o n s  r e g a r d i n g  t h e  s c i en t i f i c  s ta tus  of 
t h e o r i e s  are r e a l l y  c o n f i n e d  t o  t h e  l e v e l  of d i f f e r e n t i a t i n g  between 
d i f f e r e n t  s u b s e t s  o f  knowledge. O f  c o u r s e  t h i s  is not t o  s a y  t h a t  
d i f f e r e n c e s  between some p a r t i c u l a r  c o n c e p t i o n  of s c i e n c e  and system 
dynamics do n o t  ex i s t  or are unimportant ;  t h e  p o i n t  is t h a t  our focus is 
deepe r  i n  t h e  s e n s e  t h a t  w e  wish t o  draw a t t e n t i o n  t o  t h e  c u l t u r a l  
factors and c o n d i t i o n s  which may in f luence  t h e  p r o d u c t i o n  of a l l  
knowledge. 
A second and r e l a t e d  dichotomy rests on t h e  i d e a  of d i s t i n c t  i n t e r n a l  
and e x t e r n a l  h i s t o r i e s  wherein a c l e a v a g e  is posited between internal 
f a c t o r s  in t h e  c o n t e x t  of d i s c o v e r y  ( c o g n i t i o n ,  knowledge, r a t i o n a l i t y )  
and e x t e r n a l  f a c t o r s  such  as s o c i a l  and p o l i t i c a l  i n t e r e s t s ,  t h e  n a t u r e  
of s c i e n t i f i c  communities etc. (For a f u l l  d i s c u s s i o n  of t h e  problems 
i n v o l v e d  see de  Vries'l, Harbers5.) F u r t h e r ,  q u e s t i o n a  of l e g i t i m a c y  - t h e  
c o n t e x t  o f  j u s t i f i c a t i o n  - are t h o u g h t  t o  be  r e s t r i c t e d  t o  t h e  i n t e r n a l  
sphe re .  The in t e rna l / ex te rna l  dichotomy t h u s  allows t h e  i d e a  t h a t  
e x t e r n a l  f a c t o r s  may cause t h e  growth o f  knowledge t o  d e v i a t e  from its 
' t r u e '  c o u r s e  - a g a i n  t e n d i n g  t o  r educe  t h e  s o c i o l o g y  o f  knowledge t o  t h e  
s o c i o l o g y  of error. 
Complementing t h i s  p o s i t i o n  we f i n d  ' i d e a l i s t i c '  o r  ' i n d i v i d u a l i s t i c '  
b i a s e s  i n  which t h e  development of knowledge is e x p l a i n e d  i n  terms of 
i d e a s  or an emphasis on t h e  r o l e  of s p e c i f i c  i n d i v i d u a l s .  
I d e a l i s m  is a powerful  p h i l o s o p h i c a l  t r a d i t i o n  which c o n c e i v e s  of t h e  
mind or  c o n s c i o u s n e s s  (and hence knowledge) as though i t  e x i s t e d  i n  a 
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s o c i a l  vacuum, i n  a realm o f  p u r e  t hough t  which is  independen t  o f  
s o c i e t y  and t h e  material world. Indeed,  i dea l i s t s  have tended to view t h e  
world of matter a s  b e i n g  o r g a n i s e d  by mind o r  s p i r i t  and b e l i e v e  t h a t  
human t h o u g h t  i s  r o o t e d  i n  c e r t a i n  u n i v e r s a l s ,  or 'a p r i o r i '  p r i n c i p l e s  
o f  c o g n i t i o n ,  which a l o n e  open t h e  way for  u n d e r s t a n d i n g  how t h e  
material world i s  s t r u c t u r e d .  
"The i m p o s i t i o n  o f  o r d e r  upon t h e  chaos o f  s e n s e  i m p r e s s i o n s  was t h e  
work o f  t h e  mind, which was i n  p o s s e s s i o n  o f  t h e  t r u e  and u n i v e r s a l  forms 
o f  u n d e r s t a n d i n g ,  the  c a t e g o r i e s . "  L i c h t h e i m  ( 6 )  
A number of c r i t i q u e s  of system dynamics have i n  fact  had a d i s c e r n i b l e  
i d e a l i s t  bias. They have t h e r e f o r e  p l aced  a s t r o n g  emphasis upon t h e  
impor t ance  o f  t h e  v a l u e s  and as sumpt ions  which have underpinned v a r i o u s  
sys t em dynamics models. These a n a l y s e s  have been d i r e c t e d  towards  t h e  
c o n t e n t  of t h e  models, and  t h u s  t o  t h e  c o n t e n t  of the mode l l e r ' s  
p e r s p e c t i v e  which h a s  t e n d e d  t o  be r e p r e s e n t e d  as  a s o l e l y  i n t e l l e c t u a l  
e n t i t y  w i t h  no basis i n  the  s o c i a l  world. Such s t u d i e s  are a l s o  
sometimes confounded by an i n d i v i d u a l i s t i c  b i a s  towards  t h e  
overemphasis  o f  b i o g r a p h i c a l  d e t a i l s  - which o f t e n  o b s c u r e  t h e  s o c i a l  
o r i g i n  and n a t u r e  of knowledge. 
W h i l s t  n o t  deny ing  the  impor t ance  o f  a modeller's b iog raphy  and t h e  
v a l u e s  and a s s u m p t i o n s  i m p l i c i t  i n  h i s  or h e r  models, we wish t o  avo id  
relegating t h e  whole matter t o  a d i s c u s s i o n  of these factors a lone .  For 
example, F o r r e s t e r  sees h i s  urban model as t h e  outcome o f  h i s  
i n t e r a c t i o n  w i t h  s e v e r a l  o t h e r  i n d i v i d u a l s ,  t h e  most i m p o r t a n t  o f  whom 
was Co l l in s  - t h e  former Mayor of Boston who shared a n  o f f i c e  n e x t  t o  
him a t  MIT. T h i s  is e x a c t l y  t h e  t y p e  of b i o g r a p h i c a l  i n f o r m a t i o n  which 
we b e l i e v e  must be c a r e f u l l y  handled and viewed i n  a broader s o c i a l  
c o n t e x t .  For, viewed i n  the  absence  of a s u i t a b l e  t h e o r e t i c a l  framework, 
i t  c a n  a t t ract  more a t t e n t i o n  t h a n  it war ran t s .  
A t  t h e  o p p o s i t e  extreme from i d e a l i s m  we f i n d  economic determinism; t h i s  
is a c r u d e  v e r s i o n  o f  Marxist materialism and is based upon a v e r s i o n  of 
' r e f l e c t i o n  theory'.  I d e a l i s m  as a p h i l o s o p h i c a l  p o s i  t i o n  was the s u b j e c t  
of a s u s t a i n e d  c r i t i q u e  by Marx and Engels.  For them, t h e  problem o f  t h e  
r e l a t i o n s h i p  between knowledge and s o c i e t y  c e n t r e d  upon t h e  way i n  which 
s o c i a l  r e l a t i o n s  de t e rmined  the c o n s c i o u s n e s s  o f  i n d i v i d u a l s .  P u t  i n  
s i m p l e  terms, Marx p o s i t e d  t h e  i d e a  of a material b a s e  ( t h e  economic 
i n f r a s t r u c t u r e )  which gave  rise t o  a s u p e r s t r u c t u r e  of knowledge t h a t  
r e f l e c t e d  the base. F u r t h e r ,  the s u p e r s t r u c t u r e  was t h o u g h t  t o  embody 
c e r t a i n  dominant ideas  t h a t  r e p r e s e n t e d  t h e  i n t e r e s t s  of the  dominant 
class w i t h i n  s o c i e t y .  
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" I n  t h e  s o c i a l  p r o d u c t i o n  of t h e i r  e x i s t e n c e ,  men e n t e r  i n t o  d e f i n i t e  
n e c e s s a r y  r e l a t i o n s ,  which are independen t  of t h e i r  w i l l ,  namely, 
r e l a t i o n s  of p r o d u c t i o n  c o r r e s p o n d i n g  t o  a d e t e r m i n a t e  stage of 
development o f  t h e i r  m a t e r i a l  f o r c e s  o f  p roduc t ion .  The t o t a l i t y  o f  
these r e l a t i o n s  of p r o d u c t i o n  c o n s t i t u t e s  t h e  economic s t r u c t u r e  o f  
s o c i e t y ,  t h e  real f o ü n d a t i o n  on which t h e r e  ar ises  a p o l i t i c a l  
s u p e r s t r u c t u r e  and t o  which t h e r e  co r re spond  d e f i n i t e  forms o f  s o c i a l  
consc iousness .  The mode of p r o d u c t i o n  of material l i f e ,  c o n d i t i o n s  t h e  
s o c i a l ,  p o l i t i c a l  and i n t e l l e c t u a l  l i f e - p r o c e s s  i n  g e n e r a l .  I t  is n o t  
t h e  c o n s c i o u s n e s s  o f  men t h a t  d e t e r m i n e s  t h e i r  being, b u t  on t h e  
c o n t r a r y  i t  is t h e i r  s o c i a l  b e i n g  t h a t  d e t e r m i n e s  t h e i r  consciousness ."  
Marx ( 7 )  
In v e r s i o n s  of economic r educ t ion i sm,  t h i s  f o r m u l a t i o n  h a s  been 
ove rex tended  t o  cove r  a l l  l e v e l s  and forms o f  c o n s c i o u s n e s s  and a l l  
l e v e l s  o f  s o c i a l  r e a l i t y .  A l l  p r o d u c t s  o f  c u l t u r e  are then  reduced t o  
mere r e f l e c t i o n s  o f  t h e  u n d e r l y i n g  economic base. Such a p o s i t i o n  canno t  
accoun t  f o r  the  r e l a t i v e  autonomy o f  t h o u g h t  as evidenced in c e r t a i n  
b r a n c h e s  of knowledge, modern p h y s i c s  o r  mathematics  f o r  example. We do 
no t  wish t o  suggest t h a t  these areas o f  knowledge are u n a f f e c t e d  by 
material o r  economic i n t e r e s t s  b u t  rather, t h a t  t hey  are n o t  r e d u c i b l e  
t o  such i n t e r e s t s .  
Some other c r i t i q u e s  of s y s t e m  dynamics have i m p l i c i t l y  o p e r a t e d  upon 
the p r e m i s e s  of some form of the  b a s e - s u p e r s t r u c t u r e  model. For exmple, 
c e r t a i n  c r i t i c s  have t i e d  t h e  world models t o  t h e  i n t e r e s t s  o f  
m u l t i n a t i o n a l  c o r p o r a t i o n s  0 . Although such s t u d i e s  have sometimes 
p rov ided  u s e f u l  i n s i g h t s  i n t o  the s u b j e c t ,  t h e y  too  o f t e n  sound l i k e  
c o n s p i r a c y  t h e o r i e s  o f  h i s t o r y ,  o r  a r t i c u l a t i o n s  o f  economic 
determinism. A s  such,  t h e y  f a i l  t o  c a p t u r e  t h e  breadth and d e p t h  o f  t h e  
r e l a t i o n s h i p  between knowledge and social  s t r u c t u r e s .  For example, t h e y  
t e n d  t o  e q u a t e  sys t em dynamics w i t h  t h e  c o n t e n t  of a p a r t i c u l a r  model 
( f o r  example, World 2 )  a l o n g  w i t h  c e r t a i n  economic i n t e r e s t s  which t h e y  
a s s o c i a t e  w i t h  it. However, a model may be b u i l t  w i t h  t h e  i n t e n t i o n  of 
s u p p o r t i n g  s p e c i f i c  i n t e r e s t s  or, it may have t h e  effect o f  s u p p o r t i n g  
them. The d i s t i n c t i o n  between t h e s e  two p o s s i b i l i t i e s  s h o u l d  n o t  be  
ignored ,  f o r  i n  so  d o i n g  one n e g l e c t s  the fact  t h a t  sys t em dynamics is 
related to o t h e r  areas o f  c u l t u r e ,  such  as t h e  movement towards  t h e  
t e c h n o c r a t i c  c o n t r o l  of social  systems.  T h i s  s t r a n d  o f  t e c h n o c r a t i c  
r a t i o n a l i t y  w i t h i n  t h e  development o f  sys t em dynamic8 is no t ,  of c o u r s e ,  
d i v o r c e d  from economic i n t e r e s t s ,  b u t  i t  cannot  be reduced t o  them 
e i t h e r ,  any more t h a n  t h e  wide r  development of c u l t u r e  i t se l f  can be 
e x p l a i n e d  i n  economic terms a lone .  
A more a d e q u a t e  i n t e r e s t  model is  t h a t  s u g g e s t e d  by Barnes and Bloor  of 
t h e  *Edinburgh School '  i n  which social or p o l i t i c a l  interests ( e t c . )  are 
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seen  a s  cohe rence  c o n d i t i o n s  which m a i n t a i n  the r e l a t i v e  s t a b i l i t y  of 
c l a s s i f i c a t o r y  networks - which  are  seen  as t h e  bases o f  a l l  knowledge 
systems. T h i s  model aims t o  c u t  a c r o s s  t h e  i n t e r n a l / e x t e r n a l  dichotomy. 
However, i t  has  been cha rged  t h a t  i n  Bloor 's  so-called 'S t rong  
P rograme '*  a m e c h a n i s t i c  c a u s a l i t y  i s  p o s i t e d  t o  accoun t  f o r  t h e  
r e l a t i o n s h i p  between knowledge and s o c i a l  in terests .  I n  o t h e r  words, i t  
would s t i l l  appea r  t o  i m p l i c i t l y  c l i n g  t o  t h e  dichotomy between t h e  
c o g n i t i v e  and t h e  s o c i a l .  F u r t h e r ,  o t h e r  c r i t i c s  of t h e  i n t e r e s t  model 
draw a t t e n t i o n  t o  the  r o l e  o f  i n t e r o r e t a t i o n  - i.e. t h e y  p o i n t  o u t  t h a t  
s c i e n t i s t s  no t  o n l y  i n t e r p r e t  t h e  wor ld  i n  terms o f  t h e i r  s o c i a l  
i n t e r e s t s ,  b u t  t h e s e  t o o  are t h e  s u b j e c t  of i n t e r p r e t a t i o n  ** . 
The emphasis on t h e  r o l e  o f  i n t e r p r e t a t i o n  leads t o  i ts own problems - 
" t h e s e  i n t e r p r e t a t i o n s  are 'made and shaped i n  the  c o u r s e  of i n t e r a c t i o n s  
between s c i e n t i s t s  among t h e m s e l v e s  and between sc ien t i s t s  and t h e i r  
s o c i a l  environment,  and ... anyone who w a n t s  t o  s t u d y  t h e  development of 
knowledge i n  i ts s o c i a l  c o n t e x t  w i l l  have t o  t a k e  t h i s  i n t o  accoun t "  '3. 
T h a t  is, i n t e r p r e t a t i o n s  are t h e m s e l v e s  s o c i a l l y  c o n s t i t u t e d .  Thus, 
w h i l s t  we wish t o  p r e s e r v e  t h e  u s e f u l n e s s  of t h e  i n t e r e s t  model, t h e  
i n t e r p r e t a t i o n  model forces u s  t o  c o n s i d e r  t h e  problem of t h e  
i n t e r p r e t a t i o n  of i n t e r e s t s ;  b u t  f u r t h e r ,  t h e  q u e s t i o n  of 
i n t e r p r e t a t i o n s  must i t se l f  be  set i n  a s o c i a l  c o n t e x t .  
2.1 All ALEIMAï'IvE M û û E L  OF ïB8 RELATIOìiSiiIP BJ3ïUEEIy K ì i O ~ D C E  AäD SOCIAL 
STRUCTURES 
We w i l l  now o u t l i n e  an a l t e r n a t i v e  model which w i l l  form the framework 
f o r  t h i s  thesis.  The fundamen ta l  p r e m i s e s  of t h i s  d e r i v e  from the  
arguments  of t h e  p r e c e e d i n g  sect ion where we i d e n t i f i e d  and d i s c u s s e d  
v a r i o u s  problem8 a r i s i n g  from o t h e r  approaches.  Only the  s k e l e t o n  o f  the  
model is d e s c r i b e d  h e r e  b u t  t h e  d e t a i l s  will be  f l e s h e d  o u t  as d i f f e r e n t  
p a r t s  of the  model are dep loyed  i n  t he  for thcoming c h a p t e r s .  
The first p remise  is t ha t  t h e  r e l a t i o n s h i p  between knowledge and s o c i a l  
s t r u c t u r e s  is b i - d i r e c t i o n a l .  Knowledge is produced in s o c i e t y  and bears 
the  scars of its b i r t h .  It is n o t  J u s t  a mere epiphenomenon, b u t  
something which may reinforce t h e  s o c i e t y  or social  group from which i t  
is d e r i v e d ,  s e r v i n g  as a b i n d i n g  a g e n t  t h a t  cements p e o p l e  t o g e t h e r .  I t  
serves t o  i n t e r n a l i s e  a group's moral code and . i d e n t i t y ,  and t h e r e b y  
'inserts' p e o p l e  i n t o  the group. Knowledge and c o g n i t i o n s  are a c t u a l l y  
For p h i l o s o p h i c a l  and o t h e r  c r i t i q u e s  of t h i s  p o s i t i o n  see 9910. I 
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An accoun t  can  be found in",''. 
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p a r t  of the  s o c i a l  bond. 
The second premise is t h a t  b i - d i r e c t i o n a l i t y  does not necessa r i ly  mean 
t h a t  knowledge is an isomorphic r e f l e c t i o n  of p a r t i c u l a r  economic or 
ma te r i a l  i n t e r e s t s ,  nor is i t  t o  be seen a s  a mere r e f l e c t i o n  of s o c i a l  
and p o l i t i c a l  in te res t s  conceived i n  s t a t i c  terms. Rather, i t  can have a 
degree of r e l a t i v e  autonomy such t h a t  it may p resc r ibe  new p a t t e r n s  of 
s o c i a l  r e l a t i o n s  o r  r a d i c a l  changes t o  e x i s t i n g  ones. Changes of s o c i a l  
i n t e r e s t s  w i l l  lead t o  changes i n  knowledge; or,  a l t e r n a t i v e l y ,  changing 
i n t e r p r e t a t i o n s  of i n t e r e s t s  w i l l  l ead  t o  changes i n  knowledge. The 
p o s s i b i l i t y  of r e l a t i v e  autonomy does not of course mean t h a t  such 
knowledge is ' n e u t r a l '  o r  'objective' .  Indeed, whi l s t  some p a r t i c u l a r  body 
of knowledge may be more detached than some o the r  system of knowledge it 
w i l l  s t i l l  impose i ts  own c o n s t r a i n t s  upon human thought and act ion.  
Following Eliasl 'l ,  w e  can th ink  of a continuum, without absolute  end 
states, wherein knowledge can be more or  less autonomous i n  r e l a t i o n  t o  
social  structure,  Thus, f o r  example, t h e  development from t h e  geocent r ic  
cosmology t o  the h e l i o c e n t r i c  cosmology represented a change i n  
knowledge i n  which the  s o c i a l l y  accepted model of the  universe  became 
more independent of peoplels self-image and began t o  move away from its 
r o l e  of r e in fo rc ing  the  p reva i l i ng  s o c i a l  order.  It s igna l l ed  a movement 
away from man's suject-centredness ,  anthropomorphism, and egocent r ic i ty .  
Even so, t he  h e l i o c e n t r i c  cosmology was constrained by its t h e o r e t i c a l  
framework which was s t i l l  - though t o  a lesser ex ten t  - t i e d  t o  the 
surrounding social  s t ruc tu re .  Though the  Ear th  was no longer  conceived 
t o  be a t  the  c e n t r e  of t h e  universe ,  t h e  sun and the  solar system were. 
The h e l i o c e n t r i c  cosmology was l a t e r  d isp laced  by Eins te in ls  model of 
the  universe  - we can see a form o f  progress  i n  the development o f  each 
model, each becoming more detached, but none represent ing  an idea l  end 
s ta te  or  u l t ima te  t ru th .  
The t h i r d  premise, aga in  fol lowing E l i a s ,  is t h a t  we must take a dynamic 
view of t he  r e l a t i o n s h i p  between knowledge and the  soc ie ty  i n  which it 
develops. A major element in Elias' conception of the  sociology of 
knowledge is  t h a t  i t  should not be s t a t i c a l l y  or iented;  rather, it should 
seek t o  l o c a t e  knowledge wi th in  the  context  of the wider development of 
i d e a s  and soc ie ty .  In s t ead  of j u s t  r e l a t i n g  knowledge t o  the  immediate 
s o c i a l  contex t  of the  group which embraces it, we should a l s o  be aware of 
t he  longer-term changes ( including those in i deas )  i n  the  soc ie ty  of 
which the  group and i t s  knowledge a r e  b u t  a par t .  Referr ing to t h e  s t a t i c  
o r i e n t a t i o n  of some branches of the  sociology of knowledge, El ias  
states: 
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" t h e  development o f  s o c i e t y ,  as  t h a t  o f  'ideas', 'knowledge' o r  
' consc iousness ' ,  s imp ly  a p p e a r s  as  a necklace of here-and-now-si tuat ions 
s t r u n g  together  on an unknown and i n v i s i b l e  thread." ( 1 4 )  
We con tend  a l s o  t h a t  i d e a s  are  n o t  t h e  s o l e  p r o p e r t y  of i n d i v i d u a l s ,  b u t  
a r e  t h e  c o l l e c t i v e  p r o d u c t s  of p a r t s  of societies - "our  c o l o n i s a t i o n  of 
each o t h e r ' s  minds is t h e  p r i c e  we pay for  thought"  (Doug las l5 ) .  O u r  
f o c u s  here, t h e r e f o r e ,  moves away from i n d i v i d u a l s  and towards t h e  
social  c o n t e x t s ,  i n c l u d i n g  t h e  development o f  i d e a s  and s o c i e t y ,  i n  
which t h e y  reside. I n  so  do ing  w e  w i l l  c o n c e n t r a t e  upon t h e  s o c i a l  r o o t s  
of knowledge and bel iefs ,  and t h u s  avo id  t h e  p i t f a l l s  of t h e  more 
familiar b i o g r a p h i e s  and h i s t o r i e s  o f  i d e a s  t o  which we drew a t t e n t i o n  
earlier. Moreover, E l i a s '  p e r s p e c t i v e  is t h e  basis we need f o r  
c o n s i d e r i n g  changes or  developments  i n  knowledge i n  r e l a t i o n  t o  
s h i f t i n g  i n t e r p r e t a t i o n s  of i n t e r e s t s .  
One immediate consequence o f  t h e  first p remise  is t h a t  t h e  material 
c o n t a i n e d  i n  t h e  main body of t h i s  d i s s e r t a t i o n  is b i f u r c a t e d  a c c o r d i n g  
t o  the two p o s s i b l e  d i r e c t i o n s  o f  t h e  r e l a t i o n s h i p  between knowledge and 
s o c i a l  s t r u c t u r e .  Accordingly,  C h a p t e r s  Three  and Four w i l l  be concerned 
with t h e  social  c o n s t r u c t i o n  of knowledge, w h i l s t  C h a p t e r s  Five and S ix  
w i l l  f o c u s  upon the  p o t e n t i a l  impact  of knowledge on s o c i a l  s t r u c t u r e s  
and s p e c i f i c a l l y  on i ts  role as a b i n d i n g  a g e n t  whose effect  is t o  
e s t a b l i s h ,  o r  r e i n f o r c e ,  or t o  change, p a r t i c u l a r  p a t t e r n s  o f  s o c i a l  
r e l a t i o n s .  
T h i s  model a l s o  f i n d s  a p r e d i c a t e  in t h e  work of F l e c k  and the  r e c e n t  
r e v i v a l  of h i s  ideas  amongst Dutch sociologists and p h i l o s o p h e r s  o f  
s c i ence16 .  F l e c k  d i s c u s s e d  t h e  i d e a  of two c i rc les  - one esoteric and 
one exoteric - which compr i se  a ' t hough t  collective'  who c a r r y  a ' thought  
s tyle ' .  Wi th in  the  c o l l e c t i v e  w e  f i n d  the ' s c i e n t i f i c a t i o n '  o f  popu la r  
knowledge ( w i t h i n  t h e  esoteric circle) and t h e  p o p u l a r i z a t i o n  of 
s c i e n t i f i c  knowledge ( w i t h i n  the e x o t e r i c  c i rc le) .  I n  de Vries' terms: 
" P o p u l a r i z a t i o n  of esoteric knowledge and sc ien t i f ica t ion  of exoteric 
knowledge are j u s t  two s ides  of t h e  same coin...The development o f  
sc ient i f ic  knowledge, its d i s s e m i n a t i o n  and p r a c t i c a l  u s e  are c o n f i n e d  
t o  a t h o u g h t - s t y l e  and take p l a c e  w i t h i n  m u t u a l l y  dependent  e s o t e r i c  and 
e x o t e r i c  circles." (17 )  
Thus, i n  our  terms, the esoteric translation of p o p u l a r  exoteric 
the System Dynamics Group: w h i l s t  p o p u l a r i z a t i o n  of  esoteric knowledge 
knowledge c o r r e s p o n d s  t o  t h e  social  c o n s t r u c t i o n  of knowledge w i t h i n  
corresponds t o  the  s o c i a l  r o l e  of system dynamics.- The model we s h a l l  
employ the re fo re  assumes a h o l i s t i c  v iew of the  r e l a t i o n s h i p  between 
knowledge and s o c i a l  s t r u c t u r e s .  
Now l e t  us cons ider  t h e  m a i n  f e a t u r e s  of our  model i n  g r e a t e r  d e t a i l .  
IEE SOCIAL COUSTRUCTIOU OF KUOyLeDGE 
T h i s  r e l a t i o n s h i p  between s o c i a l  s t r u c t u r e s  and t h e  s p e c i f i c  kind of 
knowledge represented  by sysem dynamics w i l l  be examined from two 
d i f f e r e n t  perspec t ives .  The first w i l l  seek t o  present  a dynamic view of 
the  r e l a t i o n s h i p  between system dynamics and t h e  developments i n  i d e a s  
and s o c i e t y  from which i t  has sprung. Such a genera l  pe r spec t ive  is 
provided by Elias who t a k e s  a dynamic view of  t h e  o r i g i n  and development 
of  ideas.  Rather than viewing knowledge a s  a mere epiphenomenon, he 
treats it a s  a necessary p a r t  of the  s o c i a l  bonds between people. 
Fur ther ,  he s e e s  it as a power resource by which people can inf luence  the  
development of  s o c i a l  r e l a t i o n s  wi th in  the  s o c i e t i e s  i n  which they l i v e .  
Elias p o s i t s  the  not ion of s o c i a l  development which refers t o  t h e  
processes  by which s o c i a l  s t r u c t u r e s  (o r  t h e  social  r e l a t i o n s  between 
people) change - e.g. through the  r i s i n g  and f a l l i n g  o f  classes, o r  t h e  
d i v i s i o n  of  labour ,  or s o c i a l  c r i s e s  etc. We w i l l  cons ider  t h i s  not ion i n  
r e l a t i o n  t o  For re s t e r ' s  worldview - which we de f ine  as a 'pre- 
t h e o r e t i c a l '  c o n s t r u c t  encompassing h i s  t h e o r e t i c a l  beliefs, va lues  and 
outlook. We regard worldviews as p a r t  of  a c u l t u r a l  t r a d i t i o n  shared 
with o the r  people. ( I n  Fleck's terms, t h e  a c t i v e  connect ions cons t ruc ted  
by s c i e n t i s t s  t o  desc r ibe  nature ,  a r e  not independent, f r e e l y  chosen 
ob jec t s ,  but  are p a r t  of a c u l t u r a l  t r ad i t i on . )  
We content  t h a t  i t  is important t o  t ake  a dynamic view of system 
dynamics because it is not a s t a t i c  monoli thic  pos i t i on  which has  been 
appl ied  uniformly to d i f f e r e n t  domains a t  d i f f e r e n t  times. Rather, as we 
saw a t  t h e  end of t h e  last  chapter ,  it has  been expanded and  revised 
during the  course  of its development and w e  w i l l  seek t o  exp la in  these 
changes i n  r e l a t i o n  t o  va r ious  s o c i a l  developments which have impinged 
upon F o r r e s t e r  dur ing  h i s  career .  We w i l l  argue t h a t  these developments 
...................................................................... 
* 
I n t e r e s t i n g l y ,  w h i l s t  n e i t h e r  El ias  nor Fleck s tand  as s y s t e m  
t h e o r i s t s  - i n  f a c t  t he i r  major c o n t r i b u t i o n s  were w r i t t e n  i n  the  1930s - i t  is evident  t h a t  t h e i r  work s t a n d s  as an a l t e r n a t i v e  source of ideas 
which may support  and improve var ious  systems s t u d i e s  concerning s o c i a l  
r e a l i t y .  
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n o t  o n l y  i n f l u e n c e d  t h e  c h o i c e  o f  a p p l i c a t i o n s  !the domain e x t e n s i o n s )  
but ,  v i a  r e i n t e r p r e t a t i o n  o f  h i s  i n t e r e s t s ,  t h e  s p e c i f i c i t i e s  of t h e  
c o r e  expans ions  a s  well. 
The second p e r s p e c t i v e  w i l l  a d d r e s s  t h e  m i c r o - s o c i a l  environment w i t h i n  
which sys t em dynamics evolved - i.e. t h e  System Dynamics Group a t  MIT. 
T h i s  p a r t  o f  o u r  model forms t h e  s u b s t r a t e  f o r  t h e  bulk o f  t h e  t hes i s .  It  
w i l l  d r aw mainly upon t h e  work of Douglas and  w i l l  f o c u s  on t h e  concept  
of cosmology, which is a more p r e c i s e  t h e o r e t i c a l  c o n s t r u c t  w i t h i n  h e r  
t heo ry .  Cosmology i s  used t o  deno te  t h e  system of knowledge t h a t  
descr ibe  people 's  p l a c e  i n  t h e  u n i v e r s e  and t h e i r  r e l a t i o n s h i p  t o  
s o c i e t y .  Cosmologies are h e l d  by s o c i a l  g roups  who share common 
as sumpt ions  abou t  how the  n a t u r a l  wor ld  i n  o r d e r e d  and how t h e  s o c i a l  
world is or  shou ld  be organized.  
Douglas' t h e s i s  is t h a t  cosmolog ies  are r e l a t e d  t o  the t y p e  o f  s o c i a l  
bonds i n  s o c i e t y ,  t h a t  t h e y  are c o r r e l a t e d  w i t h  t h e  p r e v a i l i n g  p a t t e r n  
of social  r e l a t i o n s  - i.e. w i t h  s o c i a l  s t r u c t u r e s .  T h i s  a s p e c t  of h e r  
work is p a r t l y  d e r i v e d  from B e r n s t e i n  and i n c l u d e s  h i s  i d e a  t h a t  s o c i a l  
s t r u c t u r e s  . c o n t a i n  v a r i o u s  l i n g u i s t i c  c o d e s  which med ia t e  t h e  
r e l a t i o n s h i p  between t h e  i n d i v i d u a l  and h i s  or h e r  s o c i a l  environment. 
These c o d e s  s e t  c o n s t r a i n t s  or l i m i t a t i o n s  upon the medium o f  e x p r e s s i o n  
- l anguage  - and i n  more general f a s h i o n  c o n s t r a i n  t h e  knowledge which 
peop le  produce. For example, t h e  cosmology by which a pe r son  l i v e s  is 
a c t u a l l y  a r t i c u l a t e d  i n  l a n g u a g e  and t h e r e f o r e  mediated by a l i n g u i s t i c  
code. This  med ia t ion  i m p a r t s  a s p e c i f i c  s t y l e  t o  t h e i r  c o g n i t i o n  and 
t h i s  is r e f l e c t e d  i n  the  p a t t e r n  o f  b e l i e f s  and a s sumpt ions  ( t h e  
c o n t e n t )  which c h a r a c t e r i s e  t h e i r  cosmology. 
Each cosmology has i t s  own unspoken a s sumpt ions  a b o u t  t h e  u l t i m a t e  
n a t u r e  of r e a l i t y ,  and t h e y  remain unspoken because  each pe r son  takes 
them for g ran ted .  F u r t h e r ,  because  r e a l i t y  c o u l d  n o t  be  conceived t o  
ex i s t  i n  any o t h e r  way t h e y  are n o t  open t o  c r i t i ca l  e n q u i r y  and so t h e  
cosmologies by which we l i v e  d e c e i v e  us i n t o  t h i n k i n g  a b o u t  o u r s e l v e s  
and our societ ies  i n  such a way t h a t  we are not e a s i l y  aware of t h e  
l i m i t a t i o n s  upon o u r  c o n c e p t u a l i z a t i o n s .  
The idea t h a t  the media o f  e x p r e s s i o n  are l i m i t e d  is a c r u c i a l  p o i n t  i n  
Douglas' t h e s i s ,  and i t  is something t h a t  goes a g a i n s t  the  g r a i n  of many 
o t h e r  i n t e l l e c t u a l  t r a d i t i o n s ,  p a r t i c u l a r l y  t h o s e  expounding some 
v e r s i o n  o f  i dea l i sm.  Indeed,  t h e  n o t i o n  tha t  our c o g n i t i v e  powers are 
u n r e s t r a i n e d  o f t e n  complements t h e  anthropomorphism by which modern man 
has come to d i s t a n c e  himself from t h e  rest o f  n a t u r e .  
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In l i n e  w i t h  t h i s  view it may be noted t h a t  Douglas has  argued t h a t  we 
have b u i l t  a boundary between ou r se lves  and our  animal o r i g i n s  and t h a t  
people have come t o  perce ive  a r i f t  between s p i r i t  and matter ,  s o c i e t y  
and na ture .  Douglas observes  t h a t  Marx too viewed t h e  s p l i t  between 
s p i r i t  and matter  a s  being important;  he saw t h e  r i f t  as the  product of 
p o l i t i c a l  and economic developments, b u t  f o r  her  a s  an an thropologis t  
the matter goes much deeper. She a rgues  t h a t  we see ourse lves  and our  
powers of reason and language a s  being so  much a p a r t  from the  animals 
and na ture  genera l ly .  The fences  w e  have b u i l t  around ourse lves  a r e  s o  
s t rong  and seduct ive  t h a t  we cannot s ee  t h e  l i m i t a t i o n s  which e x i s t  upon 
o u r  power t o  manipulate symbols i n  t h e  form of  language, r i t u a l ,  o r  
whatever form they take. 
"The human mind, playing f r e e l y  i n  symbolic worlds which i t  c r e a t e s  
i t s e l f ,  must bear the  weight o f  i t s  freedom. Smugly t r a g i c ,  the  f avour i t e  
theme goes on: free t o  be  noble, free t o  embrace e r ro r ,  free t o  poison 
ourselves ,  f r e e  t o  ex t ingu i sh  our spec ies .  This  f ami l i a r  chant nowhere 
admits t h a t  the  symbolic l i f e  i n  not  e n t i r e l y  free. It works through a 
medium of expression. The p a r t i c u l a r  l i m i t a t i o n s  s e t  by t h e  medium a r e  
worth examining." Douglas (18) 
U t i l i s i n g  Douglas' theory  we can undertake an a n a l y s i s  o f  t h e  cosmology 
i m p l i c i t  i n  system dynamics which, we hope w i l l  enable  us t o  understand 
how i t  in f luences  t h e  s t y l e  and conten t  of  t h e  knowledge embraced by t h e  
system dynamicists. Thus, Chapters Three and Four w i l l  concent ra te  on 
the  s o c i a l  bonds which u n i t e  t h e  people who have produced the  c u l t u r a l  
artefact 'system dynamics'. 
Once t h i s  artefact has  been crea ted ,  i t  may i tself  se rve  as a binding 
agent between people; t h u s  Chapters F ive  and S i x  w i l l  concent ra te  on how 
knowledge may be used to maintain or promote va r ious  p a t t e r n s  o f  s o c i a l  
r e l a t ions .  (Or i n  terminology der ived from Fleck, w e  w i l l  consider  the  
popular iza t ion  and exoteric role of  e s o t e r i c  knowledge.) People dea l  
w i t h  each o the r  i n  the i r  s o c i a l  r e l a t i o n s  by making appea ls  about  what 
is r i g h t  and necessary - which means t h a t  they must appeal  t o  knowledge 
about t he  fundamental p r i n c i p l e s  of  the  universe;  only then ( s h o r t  of 
fo rce )  may they coerce o t h e r  people t o  behave i n  accordance w i t h  t h e i r  
wishes. 
We do not wish t o  imply t h a t  system dynamics has  a c t u a l l y  played an 
a c t i v e  r o l e  i n  cementing any p a r t i c u l a r  s o c i a l  s t r u c t u r e s ;  the  poin t  is 
t h a t  the  p o l i c i e s  which its p r a c t i t i o n e r s  have advocated c a r r y  
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b l u e p r i n t s  for  s o c i a l  systems. Although these 'p lans '  may neve r  be  p u t  
i n t o  o p e r a t i o n ,  t h e y  are c e r t a i n l y  a v a l i d  f o c u s  of  in terest .  Although 
t h i s  imp l i e s  t h a t  o u r  arguments  w i l l  e n t e r  s p e c u l a t i v e  areas, t h i s  w i l l  
be  n e c e s s a r y  i n  o r d e r  t o  p r o v i d e  a broad m u l t i - p e r s p e c t i v e  view of o u r  
s u b j e c t  matter. For t h i s  p a r t  of t h e  argument we w i l l  employ Douglas' 
view t h a t  cosmolog ies  legit imate s o c i a l  r e l a t i o n s .  Our f o c u s  of i n t e r e s t  
w i l l  be on t h e  mechanisms by which v a r i o u s  cosmolog ica l  elements w i t h i n  
s y s t e m  dynamics models s e r v e  t o  leg i t imate  the p o l i c i e s  i n f e r r e d  from 
them. 
Douglas' p o s i t i o n  on t h i s  is d e r i v e d  from Durkheim'g, and t h e  b a s i c  t e n e t  
i s  t h a t  cosmolog ies  r e f l ec t  an i n t e r e s t  i n  s o c i a l  management and 
c o n t r o l .  T h i s  i d e a  stems from t h e  connec t ion  between t h e  s o c i a l  and 
n a t u r a l  o rde r s :  t h e  c l a s s i f i c a t i o n  o f  t h e  n a t u r a l  environment  b e i n g  an 
e x t e n s i o n  of t h e  sys t em of s o c i a l  c l a s s i f i c a t i o n s .  Though t h e  s o c i a l  
o r d e r  p r o v i d e s  a model f o r  s t r u c t u r i n g  t h e  n a t u r a l  o r d e r ,  i t  is t h e  
c o n t e x t  o f  u s a g e  which is deemed t o  be most impor t an t .  I n  fact, peop le  
make a p p e a l s  c o n c e r n i n g  the  n a t u r a l  o r d e r  - which among o t h e r  t h i n g s  - 
can  be  used i n  o r d e r  to p l a c e  demands on each o t h e r ;  these a p p e a l s  then 
have t h e  e f fec t  o f  l e g i t i m a t i n g  s o c i a l  r e l a t i o n s .  To unde r s t and  t h e  
force of t h e s e  a p p e a l s  we must  a lso note Douglas' u s e  of Durkheim's 
t h e o r y  of the sac red .  T h i s  t h e o r y  is based upon an ep i s t emology  which - 
a c c o r d i n g  t o  Douglas  - can  be  developed t o  a p p l y  t o  a l l  sys t ems  of 
knowledge, i n c l u d i n g  s c i e n c e .  It d o e s  no t  relate t o  t h e  v a l i d i t y  o f  
knowledge, b u t  t o  t h e  reasons for  which i t  is h e l d  t o  be  t r u e .  
"For Durkheim, s a c r e d  and p r o f a n e  are t h e  two p o l e s  o f  r e l i g i o u s  l i f e  on 
which t h e  r e l a t i o n  between i n d i v i d u a l  and s o c i e t y  is worked out. The 
s a c r e d  is t h a t  which t h e  i n d i v i d u a l  recognises as hav ing  u l t i m a t e  
a u t h o r i t y ,  a s  b e i n g  o t h e r  t han  himself and greater than  
himself.. .Sacredness i n h e r e s  i n  t h e  moral law e r e c t e d  by consensus  t o  
which each i n d i v i d u a l  h i m s e l f  subscr ibes ."  Douglas (20)  
Douglas a r g u e s  t h a t  Durkheim's t h e o r y  is a b o u t  s o c i a l l y  c o n s t r u c t e d  
knowledge of the  u n i v e r s e  and t h a t  i t  is p e r t i n e n t  t o  f u n d a m e n t a l i s t  
r e l i g i o u s  d o c t r i n e s  as well a s  f u n d a m e n t a l i s t  t h e o r i e s  o f  knowledge. 
( T h i s  is a c t u a l l y  a more r a d i c a l  v e r s i o n  of Durkheim's s o c i o l o g y  of 
knowledge, f o r  he had h e l d  t h a t  t h e  s c i e n c e s  o f  h i s  day were s p e c i a l  and 
o u t s i d e  i ts  domain.) 
The s a c r e d  h a s  two essential  f e a t u r e s .  F i r s t l y ,  i t  is dangerous and 
hedged by p r o t e c t i v e  r u l e s ;  s econd ly ,  i ts  b o u n d a r i e s  are i n e x p l i c a b l e  
because  t h e  r e a s o n s  for any p a r t i c u l a r  d e l i n e a t i o n  of them are embedded 
i n  t h e  s o c i a l  consensus  which p r o t e c t s  it. 
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"The ult imate e x p l a n a t i o n  of t h e  s a c r e d  is t h a t  t h i s  is how t h e  u n i v e r s e  
is c o n s t i t u t e d ;  i t  is dange rous  because t h i s  is  what r e a l i t y  is l i k e .  The 
o n l y  pe r son  who h o l d s  n o t h i n g  is sacred is t h e  one who has  not  
i n t e r n a l i s e d  the  norms of any community." Douglas ( 2 1 )  
R e t u r n i n g  t o  t h e  n o t i o n  o f  cosmologies ,  i t  i s  sugges t ed  t h a t  t h e  
c o n c e p t i o n  o f  t h e  n a t u r a l  o r d e r  - i n  which demands are grounded - has  
t h e  same q u a l i t y  o f  t h e  sacred and is t h e r e f o r e  d i f f i c u l t  t o  evade. The 
idea  of t h e  s a c r e d  is one r o o t  o f  our  argument conce rn ing  t h e  f o r c e  of 
a p p e a l s  t o  n a t u r e ;  i t  a l s o  p e r t a i n s  t o  t h e  ' s e l f - e v i d e n t '  bel iefs  t h a t  we 
w i l l  uncover i n  F o r r e s t e r ' s  p o l i c y  recommendations, and is one i n s t a n c e  
of t h e  b i n d i n g  effect  o f  knowledge. 
Douglas' emphasis upon t h e  social  i n t e r e s t s  u n d e r l y i n g  cosmolog ies  is 
n o t  the  o n l y  p o s i t i o n  on t h e  s u b j e c t .  Fo r  example, o t h e r  a n t h r o p o l o g i s t s  
have  drawn a t t e n t i o n  t o  the  impor t ance  of c o n t e m p l a t i v e  and e x p r e s s i v e  
i n t e r e s t s 2 * .  However, because  of t h e  e x p l i c i t  p o l i c y  o r i e n t e d  n a t u r e  of 
s y s t e m  dynamics we do n o t  feel  t h a t  these o t h e r  p o s i t i o n s  are r e l e v a n t  
here. (We w i l l  d i s c u s s  some of the  d i f f i c u l t i e s  i n  Douglas' work i n  
Chap te r  Four.) 
I n  Chap te r  F i v e  we w i l l  t u r n  o u r  a t t e n t i o n  t o  t h e  urban model. I n  
a d d i t i o n  t o  examining t h e  nature of  t h e  urban s t r u c t u r e  i m p l i c i t  i n  
F o r r e s t e r ' s  p o l i c y  recommendations, we w i l l  a l s o  examine t h e  imp l i ed  
r o l e  o f  sys t em dynamics experts i n  u rban  management and planning.  We 
w i l l  want to ask how the knowledge c o n t a i n e d  i n  t h e i r  p o l i c i e s  can  
cement s o c i a l  s t r u c t u r e s ,  and how it legitimates i tself  i n  i t s  proposed 
t a s k .  
Chap te r  S i x  w i l l  be concerned w i t h  the  d e b a t e  t h a t  surrounded t h e  world 
models. Of p a r t i c u l a r  i n t e r e s t  t o  u s  h e r e  is the d i f f e r e n t  ways i n  which 
p e o p l e  responded to t h e  a p o c a l y p t i c a l  message of the  models. We w i l l  
argue t h a t  t h e i r  message was i n  fact i n t e r p r e t e d  i n  a number o f  
d i s p a r a t e  ways - i.e. t h e r e  were several exoteric i n t e r p r e t a t i o n s  o f  t h e  
esoteric message - and was b u i l t  i n t o  a v a r i e t y  of c o r r e s p o n d i n g l y  
d i v e r g e n t  social cosmologies.  These ranged from i d e a s  of world 
government t o  small-scale a l ternat ive c o m u n i t i e s .  
Throughout these two c h a p t e r s  we w i l l  s e e k i n g  t o  u n d e r s t a n d  how the 
d i f f e r e n t  p r o p e r t i e s  of knowledge sys t ems  have social  r a m i f i c a t i o n s .  
Tak ing  the  view tha t  knowledge is an i n e x t r i c a b l e  p a r t  o f  s o c i a l  
r e l a t i o n s ,  we will show how i t  is l i n k e d  t o  social  structures i n  more 
complex ways t h a n  those p e r c e p t i b l e  t o  the  v a r i o u s  a p p r o a c h e s  referred 
t o  earlier. 
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2.2 A NOTE OH REFLEXIVITY 
Given t h e  n a t u r e  o f  o u r  t a s k  and t h e  fundaments of t h e  t h e o r e t i c a l  
framework we have  l a i d  o u t ,  q u e s t i o n s  must i n e v i t a b l y  ar ise  abou t  t h e  
s o c i a l  c o n s t r u c t i o n  o f  t h i s  d i s s e r t a t i o n  i t s e l f .  I n  o t h e r  words, what 
consequences  does  o u r  own p e r s p e c t i v e  have f o r  t h e  c o n t e n t  of t h e  
knowledge c o n t a i n e d  h e r e i n ?  O f  c o u r s e  t h e  answer m u s t  be t h a t  t h e  
g e n e r a l  t h e o r e t i c a l  p o s i t i o n  we have adopted a p p l i e s  s i m i l a r l y  t o  o u r  
own work. But, t h i s  d o e s  no t  mean t h a t  t h e  arguments o u t l i n e d  h e r e  are 
mere ly  a n o t h e r  a r t i c u l a t i o n  o f  s o c i o l o g i c a l  relativism. The r e a s o n  is 
t h a t  i t  is p o s s i b l e  t o  d i s t i n g u i s h  between t h e  e x p l a n a t i o n  o f  t h e  growth 
o f  knowiedze ( t h e  c o n t e x t  o f  d i s c o v e r y )  on t h e  one hand, and t h e  
J u s t i f i c a t i o n  of knowledge ( t h e  c o n t e x t  of l e g i t i m a t i o n )  on t h e  o t h e r .  
The first c e n t r e s  on the  o r i g i n  and development o f  ideas and is 
t h e r e f o r e  t he  p r o p e r  conce rn  of t h e  s o c i o l o g y  of knowledge - and  is t h e  
p o s i t i o n  t a k e n  here. The second, i n  c o n t r a s t ,  c e n t r e s  on the  v a l i d i t y  or 
t r u t h f u l n e s s  of knowledge and is t h e  conce rn  of ph i losophe r s .  
The q u e s t i o n  of our  own p e r s p e c t i v e  ra ises  a r e l a t e d  q u e s t i o n  c o n c e r n i n g  
t e x t u a l  i n t e r p r e t a t i o n  and w e  w i l l  d i s c u s s  t h i s  i n  t h e  f o l l o w i n g  
section. 
2 3 -  ZBE I f fzHBpBgzAIIOW OF TEXTS 
Much of the  e v i d e n c e  which w i l l  be employed h e r e  t o  s u b s t a n t i a t e  our 
arguments  w i l l  t a k e  t h e  form of textual extracts. We are not concerned 
w i t h  t he  h i s t o r y  of  s c i e n c e  as such,  and w i l l  therefore c o n f i n e  
o u r s e l v e s  to t h e  development o f  system dynamics as evidenced i n  t h e  
formal r e c o r d  - i.e. t h e  books and art icles p u b l i s h e d  by F o r r e s t e r  and 
h i s  c o l l e a g u e s  - and we w i l l  n o t  draw upon informal sources such a s  
le t ters  etc. 
Now, t h e  u s e  of t e x t u a l  extracts begs  many q u e s t i o n s  c o n c e r n i n g  t h e  
problem of i n t e r p r e t a t i o n .  For example, how d o e s  t h e  r e a d e r  of a t e x t  - 
or f o r  t h a t  matter t h e  r e a d e r  of t h i s  t h e s i s ,  i n c l u d i n g  t h e  extracts 
employed - know t h a t  t h e  e x t r a c t s  are a ' t r u e '  r e p r e s e n t a t i o n  o f  t he  t e x t  
a s  a whole? And, f u r t h e r ,  what s t a n d i n g  or meaning does  a t e x t  have? 
I n  r e a d i n g  a t e x t  ones  does so  from a p a r t i c u l a r  p e r s p e c t i v e .  T h i s  
p e r s p e c t i v e  is an i n t e r p r e t a t i v e  framework of which  c e r t a i n  e l e m e n t s  
may be unknown t o  oneself i n  t ha t  one may not be consciously aware of 
t h e m .  Some exegetes, or i n t e r p r e t e r s ,  may place an emphas i s  on s t y l e ,  
a u t h o r i a l  p e c u l i a r i t i e s  of terminology,  or the  grammatical r u l e s  
35 
govern ing  the  l anguage  o f  a t e x t  . Another p o s i t i o n  - d e r i v e d  from 
he rmeneu t i c  t h e o r y  - is r e p r e s e n t e d  by Mannheim who argued t h a t  a 
s a t i s f a c t o r y  u n d e r s t a n d i n g  o f  a t e x t  can o n l y  be a r r i v e d  a t  i f  t h e  
i n t e r p r e t e r  can assimilate the framework of meanings from w i t h i n  which 
t h e  t e x t  was w r i t t e n .  In o p p o s i t i o n  t o  t h o s e  who advoca te  t h e  seman t i c  
autonomy of  a t e x t ,  Mannheim h e l d  t h a t  u n d e r s t a n d i n g  r e q u i r e d  
c o n s i d e r a t i o n  o f  t h e  wel tanschauung of t h e  writer. The model o f  t h e  
'hermeneut ic  c i rc le '  of u n d e r s t a n d i n g  r e q u i r e s  n o t  o n l y  t h a t  a t e x t  be  
a n a l y s e d  w i t h  a view t o  c h a r a c t e r i s i n g  t h e  worldview o f  t h e  writer, b u t  
a l s o  t h a t  u n d e r s t a n d i n g  o f  t h e  t e x t  be informed by knowledge of the 
worldview i t s e l f .  
In s e e k i n g  t o  comprehend t h e  c o n t e x t  of meanings from w i t h i n  which a 
t e x t  is produced we do no t  n e c e s s a r i l y  have t o  make any e v a l u a t i v e  
s t a t e m e n t s  w i t h  regard t o  t h e  t r u t h  or f a l s i t y  of the  t e x t .  Although the 
i d e n t i f i c a t i o n  and c h a r a c t e r i s a t i o n  of a wel tanschauung l o g i c a l l y  
i m p l i e s  t h e  p a r t i c u l a r i t y  o f  a v iewpo in t  and is therefore e v a l u a t i v e ,  
t h i s  is n o t  the  pu rpose  of the e x e r c i s e  i n  comprehension. I n  
c h a r a c t e r i s i n g  t h e  worldview of a group or  pe r son  we i n e v i t a b l y  
p a r t i c u l a r i s e  and d e l i m i t  t h e  e x t e n t  of v a l i d i t y  of t h e  knowledge of 
t h a t  g r o u p  or person. However, t h e  mere i m p u t a t i o n  of a s t a t e m e n t  t o  s a y  
Marxism or L i b e r a l i s m  d o e s  not imply t h e  t r u t h  o r  f a l s i t y  of t h a t  
s t a t e m e n t  per se. 
Now a l l  t h i s  may seem t o  p r e s e n t  us w i t h  a pa radox  because,  on the one 
. hand we need t o  know a b o u t  t h e  worldview o f  the s y s t e m  d y n a m i c i s t s  i n  
o r d e r  t o  i n t e r p r e t  t he i r  t e x t u a l  o u t p u t ,  and  y e t  on t h e  other hand we 
need the texts  t o  unde r s t and  t h e i r  worldview. However, t h e  p o i n t  a b o u t  
t h e  hermeneutic c i rc le  is that u n d e r s t a n d i n g  p r o c e e d s  s t e p  by s t e p  - 
from t e x t  t o  worldview, back and f o r t h  - until t h e  p i c t u r e  g r a d u a l l y  
becomes clearer. 
Having drawn a t t e n t i o n  t o  some o f  t h e  more o b v i o u s  problems invo lved  i n  
t e x t u a l  i n t e r p r e t a t i o n ,  there is another  and  deepe r  problem which 
centres on the s t a tus  of texts. We said t h a t  our analysis would 
c o n c e n t r a t e  on t h e  formal record of t he  s y s t e m  dynamicis ts  b u t  w e  have 
n o t  d i scussed  the  s t a n d i n g  of t h e  t e x t s  i n  r e l a t i o n  t o  t h e  aims of our  
A comprehensive d i s c u s s i o n  is g iven  by MazzeoZ3. 
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a n a l y s i s  o r  indeed t o  t h e  system d y n a m i c i s t s  themselves.  To a d d r e s s  t h i s  
i s s u e  we w i l l  d i s c u s s  Mannheim's ideas a l i t t l e  f u r t h e r .  
Mannheim d e s c r i b e d  t e x t u a l  i n t e r p r e t a t i o n  i n  r e l a t i o n  t o  t h r e e  l e v e l s  
of meaning24. These meanings are deno ted  by t h e  terms o b j e c t i v e ,  
e x p r e s s i v e ,  and documentary. A t e x t  has a n  o b j e c t i v e  meaning i n  t h a t  it 
d e s c r i b e s ,  o r  s ta tes ,  o r  a r g u e s  for  or  a g a i n s t  some s t a t e  of affairs .  It 
a l s o  h a s  e x p r e s s i v e  meaning i n  t h a t  i ts  a u t h o r  wished t o  e x p r e s s  o r  
communicate something. F u r t h e r ,  a t e x t  has a documentary meaning which 
is n o t  the  i n t e n t i o n a l  o b j e c t  of the a u t h o r .  Although t h e  a u t h o r  
c o n t r o l s  t h e  e x p r e s s i v e  meaning of a work, he o r  s h e  can  no t  i n fo rm t h e  
r e a d e r  as t o  how t h e  work is t o  be  i n t e r p r e t e d .  Documentary meaning 
a p p e a r s  as the  c o n t e x t  of communication; it is n o t  a v a i l a b l e  t o  t h e  
a u t h o r ;  h e  or s h e  is p a r t  of t h e i r  own s o c i o - h i s t o r i c a l  l o c a t i o n  and 
t h i s  is r e f l e c t e d  i n  t h e  documentary e v i d e n c e  accompanying the t e x t .  
Documentary ev idence  is concerned w i t h  the  s o c i o - h i s t o r i c a l  c o n t e x t  o f  
meaning t h a t  is e s t a b l i s h e d  a l o n g s i d e  i n t e n t i o n a l  acts of  expres s ion .  
"The c o n t e x t  of meaning r e l a t i o n s  which makes communication p o s s i b l e  is 
thus  a c o n s t r u c t  which ( l i k e  any me ta l anguage )  can o n l y  be c o n s i d e r e d  
from o u t s i d e  - by a r e f l e x i v e  or  r e t r o s p e c t i v e  ac t  of consciousness ."  
Simonds (25)  
To a r r i v e  a t  documentary meaning, Mannheim set  forward c e r t a i n  'traits' 
which he  used  t o  c h a r a c t e r i s e  a worldview. These i n c l u d e d  t h e  meaning of 
concep t s ;  t h e  a b s e n c e  of concep t s ;  t h e  s t ruc ture  of t h e  categorical 
a p p a r a t u s  which is used; dominant models of thought ;  t h e  level of 
a b s t r a c t i o n ;  and t h e  o n t o l o g y  t h a t  is presupposed. 
Another,  and v e r y  d i f f e r e n t  approach,  is tha t  t a k e n  by F o u c a u l t  who would 
a r g u e  t h a t  texts  can o n l y  be  viewed i n  re la t ion t o  t h e  ' d i s c u r s i v e  
practices' and ' r u l e s  of formation' which govern t h e  a r t i c u l a t i o n  o f  
s p e c i f i c  classes of statements and t h e r e b y  make texts  i n t e l l i g i b l e z 6 .  
(Another  view of t he  n a t u r e  of s c i en t i f i c  d i s c o u r s e  is adop ted  by 
M ~ l k a y * ~ . )  Whilst w e  canno t  pu r sue  these matters h e r e ,  n o r  t h o s e  r a i s e d  
by o t h e r  writers on i n t e r p r e t a t i o n ,  w e  must acknowledge t h a t  l i k e  
Mannheim or F o u c a u l t  we start from a t h e o r e t i c a l  p o s i t i o n .  For us i t  is 
g i v e n  by t h e  c o n c e p t s  of worldview and s o c i a l  development,  cosmology and 
s o c i a l  s t r u c t u r e .  From these we seek t o  u n d e r s t a n d  t h e  s h a r e d  knowledge 
of the sys t em d y n a m i c i s t s  via t h e  texts  of t h e i r  formal ouûput. I n  other 
words, the ' v a l i d i t y '  of our i n t e r p r e t a t i o n s  is r o o t e d  more i n  the 
' v a l i d i t y '  of o u t  theore t ica l  p o s i t i o n  t h a n  i n  t he  p r o b l e m  and 
c o n t i n g e n c i e s  of t e x t u a l  extraction itself. 
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Although w e  do no t  f o l l o w  Mannheim, t h e r e  are some p a r a l l e l s  i n  ou r  
approach. For example, d u r i n g  the  c o u r s e  o f  o u r  a n a l y s i s  of t h e  worldview 
and cosmology i m p l i c i t  i n  s y s t e m  dynamics, we w i l l  draw upon e l e m e n t s  
similar t o  the ' traits '  l i s t e d  earlier. Moreover, Chap te r s  Three and Four  
w i l l ,  i n  s e e k i n g  t o  l o c a t e  t h e  development of sytem dynamics w i t h i n  a 
social  t r a d i t i o n  and social c o n t e x t ,  i n d i r e c t l y  a d d r e s s  t h e  documentary 
l e v e l  o f  meaning. Thus, a t  t h e  beg inn ing  o f  our a n a l y s i s  t h e  t e x t u a l  
e x t r a c t s  w i l l  appea r  'stark' and pe rhaps  unconnected; however, as the  
i n v e s t i g a t i o n  p r o c e e d s  and our  p i c t u r e  o f  system dynamics becomes 
g r a d u a l l y  more complete ,  t h e  e x t r a c t s  s h o u l d  become more i n t e l l i g i b l e  i n  
t h a t  t h e y  w i l l  be more e a s i l y  i n t e r p r e t e d  i n  r e l a t i o n  t o  t h a t  p i c t u r e .  
O f  c o u r s e  t h i s  d o e s  not p r o v i d e  any f i n a l  s o l u t i o n  t o  t h e  problems 
o u t l i n e d  earlier: one can a lways  pose t h e  q u e s t i o n  as t o  the 
r e p r e s e n t a t i v e n e s s  o f  t e x t u a l  extracts. We can, however, by g i v i n g  clear 
references t o  the s o u r c e s ,  p r o v i d e  t h e  o p p o r t u n i t y  for the  f a l s i f i c a t i o n  
of ou r  a s s e r t i o n s .  I n  o t h e r  words, a l t h o u g h  we canno t  prove t h e  v a l i d i t y  
of our i n t e r p r e t a t i o n s ,  by i n d i c a t i n g  t h e  source of t h e  extracts we can  
allow them t o  be r e f u t e d .  
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3.0 MTRODUCTIOU 
In t h i s  chapter  we w i l l  draw upon t h e  w r i t i n g s  o f  E l i a s  i n  o r d e r  t o  
c o n s t r u c t  a n  argument abou t  some g e n e r a l  dynamic f e a t u r e s  o f  t h e  
r e l a t i o n s h i p  between knowledge and s o c i a l  s t r u c t u r e s .  In o r d e r  t o  se t  
o u t  the  problems which c o n f r o n t  us ,  l e t  u s  first re i te ra te  t h e  major 
flaw o f  t h e  ' r e f l e c t i o n  theo ry '  p o s i t e d  by economic determinism. While 
a c c e p t i n g  the  basic premise of s u c h  t h e o r i e s  - i.e. t h a t  ideas do no t  
e x i s t  i n  a s o c i a l  vacuum - n e v e r t h e l e s s ,  we contend t h a t  t h e y  cannot  be 
reduced t o  a mere r e f l e c t i o n  o f  the  economic base o f  t h e  s o c i a l  
s t r u c t u r e .  Thus, i n  t h e  case of F o r r e s t e r ,  o u r  p o s i t i o n  is t h a t  i t  is  
s i m p l i s t i c  t o  see him s o l e l y  a s  some 'puppet'  of capitalism. Whils t  we 
c e r t a i n l y  do n o t  deny the  p o s s i b i l i t y  t h a t  h i s  models may be used t o  
promote or  j u s t i f y  specif ic  f e a t u r e s  o f  t h e  s o c i a l  s t r u c t u r e  - f o r  
example, t h e  i n t e r e s t s  o f  cap i ta l i sm - such i n t e r e s t s  are n o t  i n  
t h e m s e l v e s  s u f f i c i e n t  t o  e x p l a i n  the development of h i s  work. For 
i n s t a n c e ,  a l t h o u g h  F o r r e s t e r  r ema ins  committed t o  c a p i t a l i s m  a s  such - 
t h i s  b e i n g  a social  i n t e r e s t  - w e  s h a l l  see t h a t  h i s  changing 
i n t e r p r e t a t i o n  o f  h i s  i n t e r e s t s  has l e d  him t o  move from the  idea o f  
American s t y l e  c a p i t a l i s t  expans ion  t h r o u g h o u t  t h e  world, t o  t h e  i d e a  
t ha t  i n d u s t r i a l  growth must s top.  We t h e r e f o r e  need a broader model than 
c a n  be  p rov ided  by a r e f l e c t i o n  theory.  
, The w r i t i n g s  o f  E l i a s  are relevant i n  t h i s  c o n t e x t  because he a r g u e s  
t h a t  t he  r e l a t i o n s h i p  between knowledge and s o c i a l  s t r u c t u r e s  is 
n e i t h e r  s imple  nor s t a t i c ,  and i n  fac t  c o n t e n d s  t h a t  they are 
i n e x t r i c a b l y  i n t e r t w i n e d  i n  t h e i r  development. In order to  unde r s t and  
ideas, t h e i r  r o l e  and meaning, w e  must c o n s i d e r  the  r e l a t i o n s h i p  between 
knowledge and the  s o c i a l  development o f  t he  s o c i e t y  i n  which i t  
o r i g i n a t e s  and evo lves .  
Before we c a n  e l u c i d a t e  t h i s  n o t i o n  o f  s o c i a l  development we must first 
d i s c u s s  E l i a s '  c o n c e p t  of a " f i g u r a t i o n " .  He u s e s  t h i s  term t o  d e n o t e  the 
d i f f e r e n t  networks of i n t e r d e p e n d e n c i e s  which l i n k  p e o p l e  t o g e t h e r  b o t h  
w i t h i n  and between s o c i e t i e s .  T h i s  concep t  does n o t  r e a d i l y  map o n t o  
class b o u n d a r i e s  a lone ;  rather,  classes are b u t  one t y p e  of f i g u r a t i o n .  
The l i n k a g e s  between classes (e.g. th rough  the  mode of p r o d u c t i o n )  are 
another type.  But  a f a m i l y  t o o  is a spec i f ic  f i g u r a t i o n ,  as is the  
network of f a m i l i e s  which make up a small community etc. Elias' concep t  
of social  development c e n t r e s  on the p r o c e s s e s  by which t h e  
i n t e r w e a v i n g s  of d i f f e r e n t  f i g u r a t i o n s  change: f o r  example, t h rough  t h e  
d i v i s i o n  of l abour ;  p o l i t i c a l  integration i n t o  na t ion  states; or  t h e  
c h a n g i n g  power d i f f e r e n t i a l s  between d i f f e r e n t  classes. These p r o c e s s e s  
d o  not j u s t  d e n o t e  material developments  i n  s o c i e t y ,  b u t  also p o i n t  t o  
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developments i n  knowledge and i d e a s .  I n  fact, sha red  knowledge b i n d s  
peop le  t o g e t h e r  and is a power-resource which may cause peop le  t o  have 
more i n f l u e n c e  on t h e  development of t h e  s o c i a l  r e l a t i o n s  w i t h i n  t h e  
f i g u r a t i o n s  i n  which t h e y  l i v e .  
To t a k e  an example, it was o n l y  a t  a c e r t a i n  p e r i o d  i n  h i s t o r y  t h a t  
p e o p l e  came t o  t h i n k  t h a t  t h e  world c o n t a i n e d  an  economic s p h e r e  which 
was d i s t i n c t l y  s e p a r a t e  from t h e  realm o f  p o l i t i c s .  T h i s  occured d u r i n g  
t h e  r ise t o  power o f  t h e  e n t r e p r e n e u r i a l  b o u r g e o i s i e ;  t h e y  wished t o  
avo id  p o l i t i c a l  i n t e r f e r e n c e  by governments - which a t  t h a t  time were 
l a r g e l y  made up of t h e  p r e - i n d u s t r i a l  a r i s t o c r a c y  - and demanded t h a t  
t h e  ' s e p a r a t e '  economic s p h e r e  s h o u l d  be al lowed t o  f o l l o w  its own 
'natural '  laws. T h i s  c o n t r i b u t e d  to t h e  t r a n s f o r m a t i o n  of p o l i t i c a l  
economy and t h e  subsequen t  b i r t h  of economics as a d i s t i n c t  d i s c i p l i n e .  
T h i s  view contrasts  w i t h  t h a t  s u s t a i n a b l e  by a r e f l e c t i o n  theo ry .  For 
a l t h o u g h  t h e  new i d e a s  a b o u t  t h e  economy seen a s  r e p r e s e n t i n g  t h e  
i n t e r e s t s  of t h e  r i s i n g  class, t h e y  are & seen s o l e l y  as a r e f l e c t i o n  
of t h o s e  interests. Ra the r ,  t h e y  are seen as a p roduc t  of t h e  s o c i a l  
development of t h e  wider  s o c i e t y  and i n  p a r t i c u l a r  of t h e  f i g u r a t i o n a l  
i n t e r r e l a t i o n s h i p  between t h e  a r i s t o c r a c y  and t h e  b o u r g e o i s i e .  It was 
t h i s  t h a t  h e l p e d  t o  s h a p e  t h e  b o u r g e o i s i e ' s  p e r c e p t i o n s  of t h e  world - 
i n c l u d i n g  t h e i r  n o t i o n s  a b o u t  t h e  economy - which metamorphosed from t h e  
i d e a  t h a t  economy t o  be  autonomous t o  t h e  i d e a  t h a t  i t  a c t u a l l y  
was autonomous and was s u b s e q u e n t l y  p e r c e i v e d  as such. F u r t h e r ,  as a 
power-resource t h e s e  i d e a s  c o n t r i b u t e d  t o  social  development and were 
t h e r e f o r e  n o t  i n s i g n i f i c a n t  epiphenomena as economic r e d u c t i o n i s m  o f t e n  
suggests 1 . 
A t  t h a t  t i m e  the  b o u r g e o i s i e  had a g e n e r a l l y  o p t i m i s t i c  o u t l o o k  on t h e  
wor ld  and embraced i d e a s  of p r o g r e s s  and development 'for t h e  b e t t e r ' .  
The p r e - i n d u s t r i a l  a r i s t o c r a c y  r e p r e s e n t e d  a power t h a t  belonged t o  t h e  
pas t ;  i n  contrast, the b o u r g e o i s  class was i n  t h e  a s c e n d a n t  and so  t o  
them t h e  f u t u r e  looked b r i g h t .  For Elias, t h i s  l i n k  between a class' 
social  s i t u a t i o n ,  its ou t look ,  and t h e  knowledge t o  which it adhe res ,  is 
an i m p o r t a n t  one. Later, he argues, t h e  social  s i t u a t i o n  of the 
b o u r g e o i s i e  changed and so t o o  d i d  t h e i r  knowledge and out look.  
In te rs ta te  and i n t r a s t a t e  developments  - such as t h e  F i r s t  World War and 
the Great D e p r e s s i o n  - h e l p e d  t o  b l u n t  t h e  i d e a  o f  p rogres s .  The 
b o u r g e o i s i e  became more p e s s i m i s t i c  i n  t h e i r  o u t l o o k  and t h e  f u t u r e  
appea red  less b r i g h t .  Moreover, i t  appea red  t o  contain forces - such as  
Conmunism -which t h r e a t e n e d  t o  undermine t h e  whole bourgeo i s  world 
o r d e r .  The knowledge t h e y  adhe red  t o  s u b s e q u e n t l y  changed as well, and 
t h e o r i e s  a b o u t  p r o g r e s s  became r e p l a c e d  by t h e o r i e s  which f o c u s s e d  on 
the present s o c i a l  o r d e r  and were d i r e c t e d  a t  c o n s e r v i n g  and de fend ing  
i t 2 .  
Elias's i d e a s  conce rn ing  the  r e l a t i o n s h i p  between knowledge, ou t look ,  
and s o c i a l  development s u g g e s t  the bas i s  f o r  a model which is u s e f u l  t o  
t h e  s t u d y  of F o r r e s t e r  and system dynamics. H i s  development p e r s p e c t i v e  
suggests t h a t  ideas may be  viewed i n  a long-term c o n t e x t ,  but w e  do n o t  
p ropose  t o  chart i n  de t a i l  the h i s t o r y  of t h e  f i g u r a t i o n s  i n  which  
F o r r e s t e r  is l o c a t e d .  Ra the r ,  t h e  main p o i n t  f o r  us here is t h e  dynamic 
a s p e c t s  of t h e  r e l a t i o n s h i p  between knowledge and social  development. 
C e r t a i n l y  - as we i n d i c a t e d  i n  Chap te r  One - F o r r e s t e r ' s  ideas  are 
l i n k e d  t o  t h e  s o c i a l  developments  p e r t a i n i n g  t o  t h e  rise of e n g i n e e r i n g ,  
s c i e n t i f i c  management, and t h e  i n c r e a s i n g l y  dominant r o l e  o f  e n g i n e e r s  
i n  American s o c i e t y .  But  we canno t  s t u d y  the  t e c h n o c r a c y  movement ove r  
t h e  p a s t  one hundred yea r s .  I n s t e a d ,  we p ropose  t o  c o n c e n t r a t e  on t h e  
s h o r t - t e r m  s o c i a l  developments  which have impinged upon F o r r e s t e r  
d u r i n g  t h e  c o u r s e  of h i s  career and examine t h e  t h e o r e t i c a l  development 
o f  sys t em dynamics i n  t h a t  c o n t e x t .  T h i s  means t h a t  ou r  model w i l l  n o t  be  
able  to take accoun t  of t h e  long-term h i s t o r i c a l  roots of system 
dynamics, b u t  we w i l l  be a b l e  t o  t r y  and e x p l a i n  t h e  c o u r s e  of i ts  
development d u r i n g  i t s  a p p l i c a t i o n  t o  d i f f e r e n t  domains. 
I n  o r d e r  to e x e c u t e  our t a s k  we p ropose  t o  draw a n  ana logy  between 
F o r r e s t e r ' s  work and a p a r t i c u l a r  development w i t h i n  academic soc io logy .  
T h i s  is t h e  emergence of Pa r sons '  social t h e o r y  ( s t r u c t u r a l -  
f u n c t i o n a l i s m ) 3  which is of i n t e r e s t  t o  us here for  two reasons:  f i r s t l y ,  
i t  t o o  is based upon a s y s t e m s - t h e o r e t i c  view of s o c i e t y ;  and second ly ,  
t he  h i s t o r y  o f  s t r u c t u r a l - f u n c t i o n a l i s m  p r o v i d e s  a n  i l l u s t r a t i v e  
example of t h e  r e l a t i o n s h i p  between knowledge and s o c i a l  development. I n  
fact, Gouldner has prov ided  a d e t a i l e d  c r i t i q u e  o f  P a r s o n s  which 
a t t e m p t s  t o  demons t r a t e  t h e  r e l a t i o n s h i p  between h i s  social  t h e o r y  and 
t h e  social c o n t e x t s  i n  which i t  evolved4: we p ropose  t o  c o n s i d e r  t h i s  
c r i t i q u e  as a case s t u d y  of t h e  t y p e  of approach  advoca ted  by Elias'. 
Like Elias, Gouldner f o c u s e s  upon t h e  chang ing  f o r t u n e s  and o u t l o o k  o f  
the  m i d d l e - c l a s s e s  and uses t h i s  t o  c h a r t  the e v o l u t i o n  of Parsons'  
social theo ry .  
Given t h a t  w e  can  e s t a b l i s h  t h e  p l a u s i b i l i t y  of t h e  ana logy  we w i l l  be 
i n  a p o s i t i o n  t o  u s e  Gouldner 's  c o n c l u s i o n s  t o  make i n f e r e n c e s  
c o n c e r n i n g  F o r r e s t e r ' s  own work. Our aim i n  d o i n g  so  is t o  ske tch  t h e  
...................................................................... 
E l i a s  himself h a s  drawn a t t e n t i o n  t o  the development of s o c i o l o g y  and 
h a s  s i n g l e d  o u t  Parsons '  work a s  a n  example o f  social  developments  which 
have  impinged upon t h e  m i d d l e - c l a s s e s  d u r i n g  t h e  p a s t  c e n t u r y  (5). 
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r i c h  t e x t u r e  of s o c i a l  development w i t h o u t  t h e  n e c e s s i t y  of a d e t a i l e d  
long-term s t u d y  of F o r r e s t e r ' s  s o c i a l  l o c a t i o n .  The comparison w i t h  
P a r s o n s  w i l l  e n a b l e  u s  t o  go i n t o  d e t a i l  c o n c e r n i n g  F o r r e s t e r ' s  
t h e o r e t i c a l  p o s i t i o n  (and its development)  and re la te  it t o  s h o r t - t e r m  
s o c i a l  developments  and h i s  chang ing  ou t look .  I n  o r d e r  t o  s t r u c t u r e  t h e  
comparison we w i l l  c o n s i d e r  the  worldviews of bo th  t h e o r i s t s  - which we 
t a k e  t o  c o n s i s t  o f  t h e o r e t i c a l  b e l i e f s ,  v a l u e s ,  and general ou t look .  
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ïüE UORLDVIEYS OF PARSOUS AMD PORRESTER 
1.1. 
I n  order  t o  e s t a b l i s h  t h e  s i m i l a r i t i e s  between the  worldviews of Parsons 
and F o r r e s t e r  we w i l l  consider  several features which a r e  d i s c e r n i b l e  i n  
t h e i r  r e spec t ive  systems theor ies .  These f e a t u r e s  not only i l l u s t r a t e  
t h e i r  t h e o r e t i c a l  beliefs,  b u t  a l s o  inform u s  w i t h  regard t o  t he i r  v a l u e  
o r i en ta t ions .  We w i l l  focus on t h e  following: 
Process-reduction 
The oneness of the  world 
Conf l i c t  
Common interests 
System interdependence 
System r e q u i s i t e s  
The models of s o c i a l  systems which are pos tu la ted  by s t r u c t u r a l -  
funct ional ism and system dynamics can r e a d i l y  be seen as examples of 
process-reduction i.e. they reduce the  processionary na ture  of soc ie ty  - 
i ts  long-term s o c i a l  f l uxes  - t o  a state6. For example, Parsons p a r t l y  
r e l i e d  upon an organic  analogy f o r  desc r ib ing  social  systems; he thought 
of soc ie ty  as a l i v i n g  organism i n  which s o c i a l  processes  corresponded 
t o  organic  processes7. Despite i t s  obvious a t t r a c t i o n ,  t h i s  analogy has  
the  drawback t h a t  i t  forced him t o  refer s o c i a l  processes  back t o  some 
static framework which corresponded t o  the  organism itself .  T h i s  turned 
out  t o  be the  dominant i n s t i t u t i o n a l  i n f r a s t r u c t u r e  of society a t  the  
time. Further,  though processes  are indeed present  i n  Parsons' model, 
they are seen as i n t r i n s i c  t o  the  system. I n  con t r a s t ,  social  change is 
perceived as a per turb ing  f o r c e  which is e x t r i n s i c  t o  the  system. 
"Social  change thus  appears a s  a phenomenon resul t ing from t h e  
acc iden ta l ,  e x t e r n a l l y  activated malfunction of a normally well- 
balanced s o c i a l  system. Moreover, t he  s o c i e t y  thus  d is turbed  s t r i v e s ,  i n  
Parsons' view, t o  regain its s t a t e  of rest." E l i a s  (8) 
The organic  analogy has  surfaced i n  Forres te r ' s  work toog, and he 
accordingly perceives  the dynamics of sys t ems  i n  r e l a t i o n  t o  an  
unchanging s t r u c t u r e  which again l a r g e l y  reflects dominant values  and 
i n s t i t u t i o n s .  System dynamics models purport  t o  s imula te  f u t u r e  time b u t  
t h e i r  s t r u c t u r a l  f e a t u r e s  remain f ixed.  The 'present '  is the re fo re  
pro jec ted  i n t o  the  f u t u r e  and the  ensemble of processes  t h a t  pervade t h e  
f a b r i c  of  s o c i e t i e s  - and which i n  f a c t  make them s o c i e t i e s  - have been 
frozen i n t o  an unchanging concre te  s t ruc tu re .  
Parsons and F o r r e s t e r  regard s o c i a l  systems a s  'real world' e n t i t i e s  
which e x i s t  above and beyond the  ind iv idua l s  w i th in  them. I n  o the r  words, 
systems have an on to log ica l  s t a t u s  i n  t h e i r  r e spec t ive  frameworks. 
Systems theory  is not j u s t  seen a s  a way of ga in ing  knowledge about t h e  
world (a mat te r  of epistemology): f o r  Parsons and For re s t e r  it is a way 
of r evea l ing  t h e  p r o p e r t i e s  of  a world t h a t  is a c t u a l l y  systemic. T h i s  
he lps  t o  r e i n f o r c e  t h e  effects of process-reduction, fo r  if s o c i e t y -  a 
system and - through the  organic  analogy - has an i n s t i t u t i o n a l  core  
which is unchangeable i n  e s s e n t i a l s ,  then long-term s o c i a l  processes  
w i l l  be  ignored a s  extraneous t o  the  system as i t  is construed i n  the 
here and now. 
3.1.2 TüE OBEEPSS OF TEE YDRLD 
System dynamics and s t ruc tu ra l - func t iona l i sm share a similar 
metaphysical convic t ion  about  the "oneness" of the  world. Thus, a s o c i a l  
system is not  merely a of  elements - an i n t e g r a t i o n  of s epa ra t e  
p a r t s  - i t  is a w, and its elements express  t h i s  oneness. 
"Its oneness, Parsons be l ieves ,  is t h e  world's most v i t a l  charac te r .  Its 
p a r t s ,  t he re fo re ,  t ake  on meaning and s i g n i f i c a n c e  only i n  r e l a t i o n  t o  
t h i s  wholeness." Gouldner (10)  emphasis added 
This  convic t ion  can be seen i n  system dynamics by t h e  way i n  which 
a n a l y s i s  proceeds; whether i t  is a corporat ion,  a c i t y ,  a nat ion,  or t h e  
whole world t h a t  is being s tud ied ,  each is seen as a t o t a l i t y  and it is 
the  total system which provides  t h e  poin t  o f  depar ture  and the frame of 
reference for  ana lys i s .  
With F o r r e s t e r ,  one immediate consequence is t h a t  the causes of social  
problems - a s  well  as p r e s c r i p t i o n s  f o r  t h e i r  s o l u t i o n  - are sought 
s o l e l y  i n  terms of  system proper t ies .  For example, some problems are 
a t t r i b u t e d  t o  t h e  p u r s u i t  o f  short- term goals ,  or t o  t h e  
c o u n t e r i n t u i t i v e  na tu re  of  complex systems. The converse of t h i s  
approach is t h a t  t h e o r i e s  based upon t h e  not ion of class c o n f l i c t s  o r  
c o n t r a d i c t i o n s  (e.g. Marxist  t h e o r i e s )  are excluded from any debate 
concerning t h e  nature and origin of social  problems. 
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T h i s  exclusion-tendency can be seen a l s o  i n  s t ruc tura l - func t iona l i s in .  I n  
f a c t ,  Gouldner a rgues  t h a t  Parsons was motivated t o  counter  the model of 
soc ie ty  ?os i t ed  by Marxism. Marx too had conceived of s o c i e t y  a s  a 
system; y e t  f o r  him t h e  d i v i s i o n s  i n  t h e  s o c i a l  world - i ts  c o n f l i c t s  and 
c o n t r a d i c t i o n s  - were i t s  deepest  r e a l i t y .  I n  c o n t r a s t ,  Gouldner 
sugges ts  t h a t  for  Parsons i t  is not  t h e  c leavages i n  t h e  s o c i a l  world 
t h a t  are r e a l ,  b u t  r a t h e r ,  i ts  unbroken oneness. 
The v i s ion  t h a t  t h e  world i s  one con t r ibu te s  t o  a d i s t i n c t  view of 
subsystems. Simply s t a t e d ,  Parsons' approach e n t a i l s  a s t u d y  of s o c i a l  
r e l a t i o n s  i n  terms o f  the  func t ions  they have or  perform f o r  some l a r g e r  
s t r u c t u r e  - hence the  name 's t ructural-funct ional ism' .  For example, an 
organiza t ion  may be conceived as a c l u s t e r  of  func t iona l  r e l a t i o n s h i p s  
which are ordered s o  a s  t o  produce a se l f -main ta in ing  e n t i t y .  Fur ther ,  
t h e  organiza t ion  is seen t o  have a common p a t t e r n  of va lues  and norms 
which i n t e g r a t e  i t s  sepa ra t e  elements or subsystems i n t o  t h e  
o rgan iza t iona l  whole. This  i dea  of t h e  func t iona l  i n t e g r a t i o n  of system 
elements underpins  sys t em dynamics; f o r  ins tance ,  i n  s e v e r a l  p laces  
F o r r e s t e r  adopts  t h e  term "funct iona l"  t o  desc r ibe  o rgan iza t iona l  
a c t i v i t i e s  -which  he looks  upon as a con t r ibu t ion  t o  t h e  working of t h e  
t o t a l  system. 
.3 
Given t h a t  they are committed t o  the not ion t h a t  t h e  world is one, 
Parsons and F o r r e s t e r  - not  s u r p r i s i n g l y  - d i scuss  c o n f l i c t  i n  a 
d i s t i n c t i v e  way. Anything which is func t iona l  is thought t o  be i m p l i c i t y  
good; w i t h  s t ruc tu ra l - func t iona l i sm t h i s  b i a s  is derived from its 
p o s i t i v i s t  her i tage .  The 'pos i t ive '  o r i e n t a t i o n  of  t h a t  philosophy meant 
tha t  social  phenomena were t o  be explained i n  terms of some func t iona l  
opera t ion  i n  a larger system; they were the re fo re  seen as something 
'posit ive' ,  something which con t r ibu ted  t o  t h e  i n t e g r a t i o n  and 
maintenance o f  the  system. This  connects  w i t h  t h e  idea  that  c o n f l i c t  is 
bad, for i t  is seen t o  be 'dysfunctional '  - it t h r e a t e n s  the  
d i s i n t e g r a t i o n  and breakdown of t h e  system. F o r r e s t e r  adheres t o  a 
corresponding view and h i s  consequent commitment t o  soc ia l  order  (i.e. 
the  absence of c o n f l i c t s )  is c l e a r l y  seen - f o r  example - i n  t h e  
fol lowing ex t r ac t .  
"Our most cha l lenging  i n t e l l e c t u a l  f r o n t i e r  of  the  next  t h r e e  decades 
probably l i e s  i n  the dynamics of organiza t ions ,  ranging from t h e  growth 
of the  small corpora t ion  t o  development of na t iona l  economies. As 
organ iza t ions  become more complex, the  need f o r  s k i l l e d  l eade r sh ip  
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becomes grea te r .  Labor turmoil ,  bankruptcy, i n f l a t i o n ,  economic co l lapse ,  
p o l i t i c a l  unres t ,  revolu t ion ,  and  war, t e s t i f y  t h a t  we a r e  not yet expert  
enough i n  the  design and management of s o c i a l  systems." ( 1 1  ) emphasis 
added 
Though For re s t e r  does perceive the p o s s i b i l i t y  of goal  c o n f l i c t s  
between d i f f e r e n t  subsys tems,  he does not be l ieve  t h a t  c o n f l i c t  is a 
s t r u c t u r a l l p  inherent  f e a t u r e  of s o c i a l  s y s t e m .  Much the  same can be 
s a i d  of Parsons,and i n  f a c t  h i s  neglec t  of c o n f l i c t  is  f r equen t ly  c i t e d  
a s  an important f law i n  h i s  s o c i a l  systems model. 
"By no f e a t  of t he  imagination, not even by the  r e s i d u a l  category of 
'dysfunction', can the  in t eg ra t ed  and equ i l ib ra t ed  s o c i a l  s y s t e m  be made 
t o  produce se r ious  and pa t te rned  c o n f l i c t s  i n  its s t ructure ."  Dahrendorf 
(12) 
Neither t h e o r i s t  can accept  t h a t  c o n f l i c t  may be  p a r t  and pa rce l  o f  the  
s o c i a l  world . i 
L1.4 CaEwon IBTERRSTS 
The b e l i e f  about t he  world's oneness, coupled with the  func t iona l  
percept ion of subsystems, l e a d s  both men t o  embrace the  idea  of common 
i n t e r e s t s  or common system goals.  The argument seems t o  be t h a t  i f  t he  
world is one t h e r e  m u s t  be c e r t a i n  goa l s  which u n i t e  a l l  of the  
subsystems wi th in  t h e  system. Parsons is concerned w i t h  t he  importance 
of value consensus - which h e  sees as v i t a l  f o r  the i n t e g r a t i o n  of t h e  
system; t h i s  is only poss ib l e  if common goals  exis t .  I n  Forres te r ' s  case 
we f ind  an argument t h a t  ( i n  the  long run) only t h e  p u r s u i t  of system 
goa l s  (i.e. common i n t e r e s t s )  can bene f i t  t h e  system as a whole. He 
the re fo re  cal ls  f o r  t he  subordinat ion of subsystem goals  t o  the  system 
goals which alone se rve  the  common interest  of all.His view of c o n f l i c t  
s u r f a c e s  again here: c o n f l i c t s  of interest are seen not only as t h r e a t s  
t o  system s t a b i l i t y ,  but  also as blocks prevent ing subsystems from 
achiev ing  long-term b e n e f i t s  through the  i n t e g r a t i o n  and s t a b i l i t y  of 
the  t o t a l  system. 
i Moreover, it has been suggested t h a t  Parsons' concern with s o c i a l  order  
is b a s i c a l l y  a moral one (13) .  In connection wi th  t h i s  we may also note  
t h a t  Fo r re s t e r  has  advocated an important r o l e  f o r  r e l i g i o n  i n  
maintaining a f u t u r e  g loba l  equi l ibr ium soc ie ty  - thus  evincing a 
similar moral dimension i n  s o c i a l  order. 
1.5 MTERDEPENDüüCE 
The concept of system interdependence is a c e n t r a l  f e a t u r e  i n  many 
systems theo r i e s .  Bas ica l ly ,  t h e  idea  is t h a t  a system's elements a re  i n  
r ec ip roca l  interdependence w i t h  each o the r  and the re  a r e  therefore  no 
' s ing le- fac tor '  d e t e r m i n i s t i c  elements - no simple causes  and ef fec ts .  
T h i s  concept has  t h r e e  problems a s soc ia t ed  w i t h  it: namely - the  measure 
of interdependence; i ts on to log ica l  s t a t u s ;  and t h e  perception of 
interdependence vis-a-vis  system elements. By examining these  problems 
we can see the  over lap  between Parsons and For re s t e r  i n  cont ras t  t o  
o t h e r  systems theories. 
In Parsons1 work the  problem of  the  varying degrees  of interdependence 
is not raised. I n  pa r t ,  Gouldner t e l l s  us, t h i s  was due t o  the lack of a 
body of  mathematics which would be requi red  t o  address  the  problem. A 
measure of interdependence impl ies  q u a n t i f i c a t i o n  and therefore  c a l l s  
fo r  a mathematical approach. Turning t o  For re s t e r ,  we can see t h a t  
although he uses  mathematical modelling techniques and computer 
s imulat ions,  t h e  model v a r i a b l e s  a r e  enclosed i n  feedback loops - where 
every th ing  i n f l u e n c e s  every th ing  e l s e  - and he does not r a i s e  the 
ques t ion  of the  d i f f e r e n t i a l  degrees  of interdependence between the 
var iab les .  Indeed, t h i s  h a s  been l e f t  t o  some of h i s  cr i t ics14who have 
shown t h a t  d e s p i t e  t he  apparent  complexity of  h i s  world model, its 
e s s e n t i a l  behaviour is determined by key assumptions concerning t h e  
growth of populat ion and c a p i t a l .  Thus, t h e s e  elements i n  h i s  model a r e  
i ts  basic d r i v i n g  f o r c e  and o t h e r  elements are l a r g e l y  dependent upon 
them. 
S u r p r i s i n g l y  though, d e s p i t e  t h e i r  common emphasis upon the  importance 
of interdependence,and i n  c o n t r a s t  t o  i d e a s  of mul t ip l e  causa l i t y ,  they 
both tend t o  emphasize s ing le- fac tor  explana t ions  in account ing for  the 
behaviour of s o c i a l  systems. I n  Parsons' case t h e r e  is a primary emphasis 
upon t h e  r o l e  of shared moral va lues  and b e l i e f s l 5 ;  wh i l s t  in world 
dynamics, for example, F o r r e s t e r  t oo  stresses the  need for long-term 
va lue  s t r u c t u r e s  t o  maintain system s t a b i l i t y .  
This  first problem is i n  fact c l o s e l y  r e l a t e d  t o  t h e  problem of the 
on to log ica l  s t a t u s  of  interdependence. When dea l ing  w i t h  a system, 
whether phys ica l  o r  s o c i a l ,  we are not  n e c e s a r i l y  dea l ing  w i t h  a 
system, but something which may d i sp lay  a g r e a t e r  or lesser degree of  
systemic p r o p e r t i e s  s u c h .  as interdependence. I n  o the r  words, 
interdependence is not an a p r i o r i  exhaust ive d e s c r i p t i o n  of the 
r e l a t i o n s h i p  between system elements. However, as we observed earlier, 
Parsons and F o r r e s t e r  view systems as real-world ent i t ies  and so  
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i n t e r d e p e n d e n c e  i n  s o c i a l  sys t ems  is s e e n  ra ther  a s  a f a c t .  
I n  o r d e r  t o  i l l u s t r a t e  t h e  t h i r d  problem we w i l l  consider  a d i f f e r e n t  
sys t ems  model, one which w i l l  show u s  a fur ther  d i s t i n c t i v e  b i a s  i n  
t h e i r  c o n c p e t i o n  of i n t e rdependence .  I n  c o n t r a s t  t o  c o n c e i v i n g  of 
systems i n  terms of i n t e r d e p e n d e n c e ,  Gouldner h a s  o u t l i n e d  an 
a l t e r n a t i v e  model based upon t h e  i d e a  of t h e  f u n c t i o n a l  autonomy of 
sys t em elements .  According t o  h i s  model, sys t ems  can  be seen  as an 
assembly o f  e l emen t s  which have a v a r y i n g  d e g r e e  of f u n c t i o n a l  autonomy 
w i t h  r e g a r d  t o  each o t h e r . T h u s ,  some e l e m e n t s  may be h i g h l y  autonomous - 
meet ing  most o f  t h e i r  own n e e d s  - w h i l s t  c e r t a i n  o t h e r  e l e m e n t s  may have 
a low d e g r e e  of  f u n c t i o n a l  autonomy and t h e r e f o r e  depend upon 
i n t e r c h a n g e s  w i t h  the  o t h e r  e l e m e n t s  f o r  t h e  s a t i s f a c t i o n  o f  t h e i r  
needs. I n  t h i s  model a s y s t e m  is s e e n  as a group o f  e l emen t s  whose 
i n t e r c h a n g e s  restrict the i r  f u n c t i o n a l  autonomy. 
C o n c e p t u a l i z i n g  i n  terms o f  i n t e r d e p e n d e n c e  - as P a r s o n s  and F o r r e s t e r  
do - f o c u s e s  on the  whole and t h e  c l o s e - c o n n e c t e d n e s s  o f  i ts p a r t s . T h i s  
t h e r e f o r e  emphasizes  t h e  oneness  o f  t h e  whole and t h e  p a r t s  are seen  i n  
r e l a t i o n  t o  t h e i r  systems c h a r a c t e r .  Conversely,  c o n c e p t u a l i z i n g  - as 
Gouldner d o e s  - i n  terms o f  f u n c t i o n a l  autonomy, s h a r p e n s  f o c u s  upon the 
par ts  themselves .  I n  t h i s  a l t e r n a t i v e  model t h e  system e l e m e n t s  are no t  
s e e n  merely as ' p a r t s '  b u t  have a n  e x i s t e n c e  on t h e i r  own and t h e i r  
connec tedness  a c t u a l l y  becomes p r o b l e m a t i c  because  it restricts t h e i r  
autonomy. And whereas t h e  p o s i t i o n s  of P a r s o n s  and F o r r e s t e r  l e a d  them 
t o  c o n c e n t r a t e  upon the mechanisms t ha t  p r o t e c t  t h e  system i n  its 
t o t a l i t y ,  Gouldner 's  approach l e a d s  t o  a c o n s i d e r a t i o n  of t h e  mechanisms 
t h a t  p r o t e c t  t h e  autonomy o f  t h e  p a r t s .  
The c r u x  of Parsons '  theoretical  framework r e v o l v e s  a round  the i d e a  of 
four system r e q u i s i t e s  (or sys t em p rob lems)  which are a l l  invo lved  i n  
t h e  p r o t e c t i o n  o f  the  sys t em and its p e r s i s t e n c e .  These system 'needs' 
are: a d a p t a t i o n ,  goal a t t a i n m e n t ,  pa t t e rn -ma in tenance ,  and i n t e g r a t i o n  16 . 
The i d e a  of a d a p t a t i o n  is concerned w i t h  the  manner i n  which a system 
r e s p o n d s  t o  changes i n  i ts  environment.  Given a s i t u a t i o n  o f  s c a r c i t y  
and con t ingency ,  i t  is n e c e s s a r y  for the  sys t em t o  a d a p t  t o  
env i ronmen ta l  c o n d i t i o n s  by a l l o c a t i n g  p e r s o n n e l  and r e s o u r c e s  i n  the 
bes t  p o s s i b l e  c o n f i g u r a t i o n  t o  p u r s u e  its g o a l s .  R e l a t e d  t o  t h i s ,  goal 
a t t a i n m e n t  is the  problem of e n s u r i n g  t h a t  t h e  s y s t e m  is a c t u a l l y  
d i r e c t e d  towards  its goals. 
The notion of pattern-maintenance is used t o  descr ibe  the way i n  which a 
sys t em tends t o  maintain i t s  equi l ibr ium s t a t e  through homeostasis. As 
we suggested e a r l i e r ,  t he  s t e a d y  s t a t e  is seen a s  t h e  normal condi t ion 
of the system and change is perceived as being e x t r i n s i c  - a t r a n s i e n t  
phenomenon as t h e  sys tem moves from one equi l ibr ium s t a t e  t o  another. 
The p a t t e r n s  which the  system maintains  a r e  cons t i t u t ed  by shared norms 
and va lues  which ob ta in  var ious  ' pa t t e rns  of ac t ion '  - t h e  pa t t e rn  
var iab les .  With re ference  t o  t h i s ,  Dahrendorf equates  Parsons' s o c i a l  
systems model t o  a utopian "vi l lage pond". 
"Homeostasis is maintained by the  regular  occurrence of c e r t a i n  
pa t te rned  processes  which, far from d i s t u r b i n g  the  t r a n q u i l i t y  of the  
v i l l a g e  pond, i n  f a c t  are the  v i l l a g e  pond." (17)  
Last ly ,  i n t e g r a t i o n  is the  problem of maintaining value consensus, o r  a 
shared value system, which fac i l i t a tes  goal  a t ta inment  and pa t te rn-  
maintenance. 
I n  system dynamics we can f ind  ideas  which are analogous t o  these  four  
system r e q u i s i t e s  though they a r e  not given the  same formal role. 
I n  world dynamics i t  is suggested t h a t  phys ica l  l i m i t s  t o  growth a r e  
being encountered by the  world system and  t h a t  continued growth i n  
population and i n d u s t r i a l i s a t i o n  r ep resen t s  a t h r e a t  t o  the  s y s t e m ' s  
v i a b i l i t y .  T h i s  po in t s  t o  a problem i n  the r e l a t i o n s h i p  between the  
world system and its environment and is the re fo re  a problem concerning 
adaptat ion,  The proposed s o l u t i o n  t o  the problem is s a i d  t o  l i e  i n  a 
g loba l  equi l ibr ium s o c i e t y  where growth i n  indus t ry  and population 
would cease. Forrester d i scusses  the  problem of maintaining long-term 
opera t ing  goa l s  (which a r e  necessary t o  achieve and preserve 
equi l ibr ium)  i n  the face of short-term d e s i r e s  - t h i s  p a r a l l e l s  the  
Parsonsian problem of  goal  a t ta inment  18 . 
For res t e r  be l i eves  tha t  systems are purposive, by which he means t h a t  
they are goal-seeking. Further ,  that goal  is conceived of as an 
equi l ibr ium state where the  growth tendencies  of the system's p o s i t i v e  
feedback loops have been a r r e s t e d  (o r  checked) by its negat ive  feedback 
loops. I n  f ac t ,  w e  can a c t u a l l y  consider  negat ive feedback t o  be a type 
of p r o t e c t i v e  mechanism f o r  t he  system; indeed, p o s i t i v e  loops move away 
from a goal  w h i l s t  nega t ive  loops move towards a goal. It may also be 
noted t h a t  F o r r e s t e r  advocates the  use of "negative forces" i n  order  t o  
br ing  about an equi l ibr ium society. What he actually h a s  i n  mind is the  
s t rengthening  of the  system's nega t ive  feedback loops which, i n  analogy 
w i t h  t he  concept of an organism, is similar t o  the  idea of mobilising t h e  
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system's  ' n a t u r a l '  de fences .  
P a r s o n s  views e q u i l i b r i u m  i n  more s o c i o l o g i c a l  terms - t h rough  t h e  
o p e r a t i o n  o f  t h e  p a t t e r n  v a r i a b l e s  - b u t  d e s p i t e  t h i s  difference i n  t h e  
e x a c t  phenomena i m p l i c a t e d  i n  e q u i l i b r i u m  t h e  c e n t r a l  c o r e  of each 
c o n c e p t i o n  is the  same, i.e. o r d e r  and the absence  of s t r u c t u r a l  change 
are c o n s i d e r e d  t o  be t h e  normal o r  p r e f e r r e d  c o n d i t i o n s  o f  t h e  system. 
Moreover, i t  is no t  d i f f i c u l t  t o  e n v i s a g e  how the  e n g i n e e r i n g  c o n c e p t i o n  
o f  e q u i l i b r i u m  can  be t r a n s l a t e d  i n t o  a s o c i a l  or p o l i t i c a l  concern f o r  
o r d e r  and s t a b i l i t y ;  f o r  e q u i l i b r i u m  i m p l i e s  t h e  absence  o f  large s c a l e  
s t r u c t u r a l  change or  c o n f l i c t .  T h i s  is borne o u t  if w e  t u r n  t o  t h e  
fo reward  o f  F o r r e s t e r ' s  C o l l e c t e d  Papers 'gwhere Brown, who i s  a 
d i s t i n g u i s h e d  e n g i n e e r  and a s u p e r i o r  o f  F o r r e s t e r  i n  his ea r l i e r  
career, states:  
"Worldwide efforts t o  s t a b i l i z e  poli t i ca l ,  economic, and s o c i a l  
s t r u c t u r e s  f r e q u e n t l y  fa i l . . .Scholars  i n  many d i s c i p l i n e s  have a d d r e s s e d  
t h e m s e l v e s  t o  s e e k i n g  s o l u t i o n s  t o  these dilemas...New and more powerful 
a p p r o a c h e s  are u r g e n t l y  needed, and it is my b e l i e f  t h a t  t h e  system 
dynamics methodology developed by P r o f e s s o r  F o r r e s t e r  is one such 
approach." emphasis added 
F o r r e s t e r  a r g u e s  t h a t  complex systems are i n s e n s i t i v e  t o  p o l i c y  changes, 
because  t h e y  react towards  such changes so as t o  defeat them and t h u s  
p r e s e r v e  t h e i r  o r i g i n a l  s tate.  As w i t h  Parsons '  concep t  o f  p a t t e r n -  
maintenance,  t h i s  idea is d e r i v e d  from t h e  n o t i o n  of h o m e o s t a s i s  and so  
t h e  o v e r l a p  h e r e  is n o t  s u r p r i s i n g .  
These ' p r o t e c t i v e '  mechanisms are n o t  the o n l y  o n e s  t o  be  found i n  
F o r r e s t e r ' s  work; i n  fact ,  as w i t h  s t r u c t u r a l - f u n c t i o n a l i s m ,  o t h e r  
mechanisms t u r n  o u t  t o  b e  r o o t e d  i n  t h e  r o l e  of v a l u e  s t r u c t u r e s , a n d  so  
the  problem o f  i n t e g r a t i o n  a l so  s u r f a c e s  i n  h i s  t heo ry .  F o r r e s t e r ' s  
i d e a s  on v a l u e s  are p r i m a r i l y  confined to h i s  la ter  work, f rom the  
p e r i o d  of u rban  dynamics onwards. Th i s  marked a v e r y  i n t e r e s t i n g  change 
i n  h i s  theoretical  p o s i t i o n ,  for i n  a d d i t i o n  t o  the c y b e r n e t i c  feedback 
p r o p e r t i e s  of s y s t e m s  he now began t o  re-focus his t h e o r y  t o  i n c l u d e  t h e  
r o l e  p l ayed  by i n d i v i d u a l  v a l u e  commitments i n  s e c u r i n g  sys t em 
e q u i l i b r i u m  and s t a b i l i t y .  
F o r r e s t e r  h a s  asserted t h a t  long-term v a l u e  s t r u c t u r e s  de t e rmine  what 
s o c i e t y  may be l i k e  up t o  one thousand years from now2', so t h e s e  
s t r u c t u r e s  are o b v i o u s l y  p e r c e i v e d  t o  p lay  a n  important  r o l e  i n  system 
s t a b i l i t y .  
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“The long-term v a l u e  component i n  an o p e r a t i n g  g o a l  is an  endur ing  
s t a n d a r d  t h a t  t r a n s c e n d s  a d v e r s i t y  and shor t - t e rm p r e s s u r e s .  It  is 
d e e p l y  embedded i n  t h e  c o l l e c t i v e  character o f  t h e  system.” F o r r e s t e r  
(21 )  
T h i s  compares w i t h  t h e  P a r s o n s i a n  p e r s p e c t i v e ,  where v a l u e  s t r u c t u r e s  
c o n t r i b u t e  t o  g o a l  a t t a i n m e n t  by e n s u r i n g  s y s t e m  i n t e g r a t i o n .  
Secondly,  F o r r e s t e r  c o n t e n d s  that  many o f  s o c i e t y ’ s  p r e s e n t  v a l u e s ,  such 
as human i t a r i an i sm,  are o n l y  o r i e n t e d  towards s h o r t - t e r m  i n t e r e s t s .  I n  
c o n t r a s t ,  he b e l i e v e s  t h a t  there are c e r t a i n  long-term v a l u e s  which are 
o r i e n t e d  towards  long-term i n t e r e s t s  such as t h e  v i a b i l i t y  o f  t h e  system 
as a whole. 
“ M o r a l i t y  and e th ics  must f o c u s  on how we are t o  make t h e  c h o i c e  between 
t h a t  which is f a v o u r a b l e  t o  u s  i n  the  p r e s e n t  and t h a t  which is r i g h t  
f o r  humanity i n  the  fu tu re . ”  F o r r e s t e r  (22 )  
Not o n l y  do P a r s o n s  and F o r r e s t e r  share a similar conce rn  abou t  v a l u e  
consensus,  t h e y  a l s o  t rea t  some v a l u e s  - namely o r d e r  and s t a b i l i t y  - as 
t r a n s c e n d e n t a l .  With F o r r e s t e r ,  t h e s e  v a l u e s  would presumably be judged 
t o  be “ r i g h t  f o r  humanity”. The n o t i o n  t h a t  some v a l u e s  are 
t r a n s c e n d e n t a l  and n o t  c u l t u r a l l y  specific, is r e a l l y  a n o t h e r  e x t e n s i o n  
o f  t h e i r  c o n v i c t i o n  of t h e  world’s oneness  - t h u s ,  t h e i r  c o n c e p t i o n  o f  a 
s o c i a l  sys t em is l i k e  a u n i v e r s a l  form23, unbroken i n  i ts  oneness  i t  is 
p r o t e c t e d  by c e r t a i n  t r a n s c e n d e n t a l  v a l u e s  t o  which a l l  lesser v a l u e s  
such as human i t a r i an i sm must be subord ina ted .  The n o t i o n  of 
t r a n s c e n d e n t a l  v a l u e s  a l s o  u n d e r s c o r e s  t h e i r  f i x a t i o n  on t h e  p r e s e n t  
o r d e r  of t h i n g s  - t h e y  can  see no a l t e r n a t i v e  t o  i t  because it rests on 
immutable va lues .  
T h i s  b r i e f  s u r v e y  of P a r s o n s  and F o r r e s t e r  h a s  been based upon a c l u s t e r  
of common t h e o r e t i c a l  be l ie fs  which, far from b e i n g  ‘obscure’ o r  
i n s i g n i f i c a n t ,  have  p rov ided  us w i t h  a u s e f u l  p i c t u r e  o f  how t h e y  
p e r c e i v e  t h e  world. Interwoven w i t h  t h e s e  b e l i e f s  we have d i s c e r n e d  a 
number o f  v a l u e  o r i e n t a t i o n s .  Thus, f o r  example, b o t h  p l a c e  a similar 
v a l u e  on t h e  moral basis o f  s o c i a l  o r d e r  (as well as s o c i a l  o r d e r  
i t s e l f )  i n  c o n t r a s t  t o  non-moral b a s e s  o f  s o c i a l  o r d e r  (e.g. material 
g r a t i f i c a t i o n s ) .  
Our c o n t e n t i o n  is t h a t  t h e  r o o t  o f  t h e  s i m i l a r i t y  between P a r s o n s  and 
F o r r e s t e r  d o e s  n o t  l i e  i n  t h e i r  a d h e r e n c e  t o  a p a r t i c u l a r  form of 
s y s t e m  t h e o r y  - as i f  t h i s  c o u l d  ex i s t  i n  a social  vacuum - b u t  r a t h e r  
i n  t h e  s o c i a l  developments  which have shaped the  f o r m u l a t i o n  and u s e  of 
sys t ems  t h e o r i e s  a s  d e s c r i p t i o n s  o f  s o c i e t y .  I n  o t h e r  words, t h e y  b o t h  
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draw upon similar c o n c e p t i o n s  of sys t ems  t h e o r y  as a knowledge r e s o u r c e  
t o  promote t h e i r  i n t e r p r e t a t i o n s  o f  t h e i r  i n t e r e s t s  - these be ing  
r e l a t e d  t o  t h e i r  class p o s i t i o n  and t h e  t r a d i t i o n  i n  which they  s t and .  
Our n e x t  t a s k  t h e r e f o r e ,  is t o  d i s c u s s  Gouldner 's  t h e s i s  t h a t  Parsons '  
work is a p roduc t  of t h e  chang ing  f o r t u n e s  of t h e  American middle- 
c l a s s e s .  T h i s  w i l l  h e l p  t o  c o n s o l i d a t e  t h e  model o f  t h e  r e l a t i o n s h i p  
between knowledge, o u t l o o k ,  and s o c i a l  development t o  which w e  r e f e r r e d  
i n  o u r  i n t r o d u c t i o n .  We w i l l  then b e  i n  a p o s i t i o n  t o  make i n f e r e n c e s  
c o n c e r n i n g  F o r r e s t e r ' s  work, and i n  the  f i n a l  s e c t i o n  w e  w i l l  d i scuss  t h e  
development of h i s  t h e o r e t i c a l  framework i n  r e l a t i o n  t o  t h e s e  
i n f e r e n c e s .  
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Some of r o o t s  o f  s t r u c t u r a l - f u n c t i o n a l i s m  can  be t r a c e d  back t o  t h e  
s o c i o l o g i c a l  p o s i t i v i s m  of Comte, b u t  w h i l s t  t h e  la t ter  had an 
e v o l u t i o n a r y  p e r s p e c t i v e  t h e  former h a s  been more o r i e n t e d  towards t h e  
p r e s e n t .  Gouldner a r g u e s  t h a t  t h i s  change  i n  o u t l o o k  was a l r e a d y  e v i d e n t  
w i t h  Durkheim. 
"While Comte had r a i s e d  t h e  mot to  of 'Order and Progress ' ,  Durkheim, i n  
c o n t r a s t ,  f e l t  c o n s t r a i n e d  t o  p l a c e  even less  emphasis upon ' p rog res s '  
than had Comte; he came t o  i n v e s t  h i s  e n e r g i e s  almost e x c l u s i v e l y  i n  t h e  
a n a l y s i s  of 'order' .  I n  s h o r t ,  Durkheim began t o  t r u n c a t e  t h e  f u t u r e  
o r i e n t a t i o n  of Comtianism i n  t h e  c o u r s e  o f  h i s  polemic a g a i n s t  t h e  
conce ived  f u t u r e  p r o j e c t e d  by Marxism and s o c i a l i s m .  He t h u s  began the 
c o n s o l i d a t i o n  o f  s o c i o l o g y  as a social science o f  t h e  s y n c h r o n i c  
p r e s e n t ,  which came t o  c u l m i n a t i o n  i n  contemuorary Functionalism." 
Gouldner (24) emphasis added 
I n  Comte's time t h e  m i d d l e - c l a s s e s  had embraced a forward-looking 
u t o p i a n  v i s i o n  t h a t  s o u g h t  t o  sweep away the power o f  t h e  o l d  e l i tes  who 
opposed t h e  r i s i n g  t i d e  o f  i n d u s t r i a l i s a t i o n .  In contrast ,  the middle- 
classes of Parsons '  s o c i e t y  uphe ld  a very d i f f e r e n t  o u t l o o k ;  for them, 
the f u t u r e  appea red  far from b r i g h t .  
" u n l i k e  t h e  P o s i t i v i s t s ,  t h e  m i d d l e - c l a s s e s  o f  Parsons '  s o c i e t y  was n o t  
t h r e a t e n e d  by an &i e l i t e  which was i d e n t i f i e d  w i t h  a drew a t t e n t i o n  to 
t h e  p a s t ,  and t h u s  d i d  n o t  need t o  l o o k  fo rward  t o  a f u t u r e  in which i t  
would be  r i d  of t h a t  incubus.  The f o r c e s  t h r e a t e n i n g  t h e  modern midd le  
class are themse lves  v e r y  f u t u r e - o r i e n t e d  and look forward t o  a 
r a d i c a l l y  d i f f e r e n t  s o c i e t y .  P a r s o n s i a n  Func t iona l i sm,  t h e r e f o r e ,  is 
grounded i n  a class e x p e r i e n c e  t h a t  h a s  no s t i m u l u s  t o  focus upon t h e  
p a s t  and l i t t l e  d e s i r e  t ha t  i ts  f u t u r e  be r a d i c a l l y  d i f f e r e n t .  Its 
i m p u l s e s  are fundamen ta l ly  c o n s e r v a t i v e :  t h e y  want more, b u t  more o f  t h e  
- same". Gouldner (25) 
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Thus, Parsons '  t h e o r y  is t o  be  s e e n  as p a r t  o f  a long-term change i n  t h e  
o u t l o o k  of t h e  midd le -c l a s ses ;  i ts s e n t i m e n t s  are focused  upon t h e  
p r e s e n t  w h i l s t  t h e  f u t u r e  is seen  t o  c o n t a i n  p o t e n t i a l  dange r s  t o  t h e  
s o c i a l  o r d e r .  Gouldner  views Pa r sons '  e a r l y  work a s  a t h e o r e t i c a l  
r e s p o n s e  t o  t h e  Great Depres s ion  o f  t h e  1930s. He a l s o  n o t e s  t h a t  it 
developed a t  a time when the world had wi tnes sed  the  growth of communism 
a f te r  t h e  Bo l shev ik  Revo lu t ion ;  t h e  r ise o f  fascism i n  germany and I t a l y ;  
and t h e  s h a t t e r i n g ,  by t h e  F i r s t  World War, of middle-class c o n f i d e n c e  i n  
t h e  i d e a  of p r o g r e s s  . II 
It must be no ted  t h a t  Gouldner 's  t h e s i s  is rather c o n t r o v e r s i a l  w i t h i n  
s o c i o l o g i c a l  circles and we do n o t  wish t o  imply t h a t  t h e  m a t t e r  is c u t  
and d r i e d .  However, we do no t  p ropose  t o  e v a l u a t e  Gouldner 's  p o s i t i o n  
v i s - a - v i s  h i s  c r i t i c s .  Our j u s t i f i c a t i o n  is twofold.  F i r s t l y ,  much of t h e  
c o n t r o v e r s y  a r g u a b l y  d o e s  no t  a d d r e s s  any s u b s t a n t i v e  i s s u e s  b e a r i n g  
upon whether  o r  n o t  Pa r sons '  t hough t  was i n f l u e n c e d  by s o c i a l  
development;  i n s t e a d ,  i t  t e n d s  t o  r e v o l v e  a round  s e m a n t i c  d i f f e r e n c e s  - 
for  example, d i s c u s s i o n s  of whether  P a r s o n s  was a ' c o n s e r v a t i v e '  o r  a 
' l iberal '  t h i n k e r 2 7 .  T h i s  cr i t ic ism misses Gouldner 's  p o i n t  f o r  i t  
i g n o r e s  h i s  d e f i n i t i o n  of 'conservatism'.  Though he a l l o w s  t h a t  P a r s o n s  
may indeed  have been l i b e r a l  i n  a narrow p o l i t i c a l  s e n s e ,  he was 
' c o n s e r v a t i v e '  i n  t h a t  i n  t h e  face of the threat t o  s o c i a l  o r d e r  h i s  
o v e r r i d i n g  conce rn  was t h e  c o n s e r v a t i o n  o f  s o c i e t y ' s  dominant 
i n s t i t u t i o n s .  A second - though weaker - r e a s o n  is t h a t  t h e  v e r y  
e x i s t e n c e  of c o n t r o v e r s y  is  of no v a l u e  i n  r e f l e c t i n g  upon the worth or  
merit of any  p a r t i c u l a r  t h e s i s .  Indeed, t he  h i s t o r y  of science p r o v i d e s  
us w i t h  numerous examples  of why t h i s  is soz8. 
Gouldner 's  t h e s i s  is t h a t  Parsons '  work r e f l e c t e d  t h e  i n t e rna t iona l  
concern of t h e  world's  m i d d l e - c l a s s e s  w i t h  t he  problem of m a i n t a i n i n g  
s o c i a l  order. 
"The empirical e m p t i n e s s  and a b s t r a c t n e s s  of the P a r s o n s i a n  a n a l y s i s  o f  
social  o r d e r  r e f l e c t e d  an effor t  t o  r e spond  t o  t h e  exístence of a n  
i n t e r n a t i o n a l  crisis t h a t  s i m u l t a n e o u s l y  t h r e a t e n e d  the midd le  class i n  
c a p i t a l i s t  count r ies  on d i f f e r e n t  levels of i n d u s t r i a l i s a t i o n  and 
w i t h i n  d i f f e r e n t  p o l i t i c a l  t r a d i t i o n s . "  Gouldner  (29)  
He a r g u e s  t h a t  P a r s o n s  ev inced  a c o n s e r v a t i v e  opt imism i n  t h e  s t a t u s  quo 
---------------3------------------------------------------------------ 
It is p e r t i n e n t  t o  n o t e  t h a t  Parsons himself  has referred t o  some of 
these p o i n t s ,  and  he remarks t h a t  his first book - The Structure õf 
Social Act ion  - marked a major t u r n i n g  point i n  his p r o f e s s i o n a l  career 
because  i t  clar i f ied the  development of h i s  thought c o n c e r n i n g  the 
problems of the state in Western society (26). 
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and i n  s o c i e t y ' s  i n s t i t u t i o n s ;  r e a l i s i n g  t h e  ex ten t  and dep th  of  t h e  
c r i s i s  he focused  on t h e  problem of  s o c i a l  o r d e r  r a t h e r  t h a n  t h e  
contemporary s o c i a l  problems o f  t h e  everyday world a t  t h a t  time. During 
t h e  Great Depres s ion  t h e  economic sys t em had broken down w i t h  
c a t a s t r o p h i c  consequences,  it cou ld  no l o n g e r  p r o v i d e  t h e  t h i n g s  which 
had h e l d  American midd le -c l a s s  s o c i e t y  t o g e t h e r .  Thus, Gouldner asserts, 
because  P a r s o n s  d e a r l y  wished f o r  s o c i e t y  t o  be h e l d  t o g e t h e r  he was 
f o r c e d  t o  f i n d  a non-economic s o u r c e  of soc ia l  i n t e g r a t i o n .  
" I n  t h e  time-worn manner of t h e  c o n s e r v a t i v e ,  P a r s o n s  looked t o  
i n d i v i d u a l  moral commitment t o  cement s o c i e t y .  Pa r sons '  v o l u n t a r i s t i c  
s o c i o l o g y  d i d  n o t  c o n s i d e r  t h e  crisis s o l u b l e  i n  terms o f  t h e  New Deal's 
welfare e f f o r t s ,  so, i n  effect ,  i t  concerned i t s e l f  w i t h  what was 
n e c e s s a r y  t o  in tegra te  s o c i e t y  d e s p i t e  mass d e p r i v a t i o n . "  Gouldner ( 3 0 )  
P a r s o n s  t h o u g h t  t h a t  s o c i e t y  cou ld  be  h e l d  t o g e t h e r  by m o r a l i t y  a n d  t h a t  
i t  would r e q u i r e  n e i t h e r  changes i n  i t s  economic i n s t i t u t i o n s ,  nor  
r e d i s t r i b u t i o n s  o f  income or power. Also, h e  was s u s p i c i o u s  of t h e  New 
Deal and i t  was o n l y  d u r i n g  t h e  post-war expans ion  of t h e  welfare s t a t e  
t h a t  he came t o  accomodate h i s  t h e o r y  t o  t h e  i d e a  of t h e  need f o r  t h e  
s ta te  t o  t a k e  an a c t i v e  i n t e r v e n t i o n i s t  r o l e  i n  s o c i e t y .  
Parsons' la ter  work took on a more s o p h i s t i c a t e d  s y s t e m s - t h e o r e t i c  
p e r s p e c t i v e  i n  t h e  1950s .S ince  t h e  Second World War, t h e  state had a c t e d  
i n  t h e  name of n a t i o n a l  s e c u r i t y ;  war-induced s o l i d a r i t y  was 
complemented by t h e  i n t e g r a t i o n  o f  t h e  u n i o n s  and t h e  working class i n t o  
mainstream s o c i e t y 3 l a n d  t h e  t h r e a t  o f  s o c i a l  d i s o r d e r  receded.  
"To see s o c i e t y  i n  terms of f i r m ,  c l e a r l y  d e f i n e d  s t r u c t u r e s ,  as Parsons '  
new t h e o r y  d i d ,  was not  now d i s s o n a n t  w i t h  t h e  c o l l e c t i v e  e x p e r i e n c e ,  t h e  
s h a r e d  p e r s o n a l  r e a l i t y ,  o f  d a i l y  life." Gouldner (32 )  
It was a t  t h i s  time t h a t  he came t o  p e r c e i v e  s o c i e t y  as a self-  
m a i n t a i n i n g  h o m e o s t a t i c  system; g o i n g  beyond t h e  integrat ive f u n c t i o n  o f  
s h a r e d  v a l u e s  he came t o  f o c u s  on t h e  mechanisms which i n t e r n a l l y  
c o n t r i b u t e  t o  t h e  s t a b i l i t y  of t h e  s o c i a l  system, Pa r sons '  work a t  t h i s  
time a l s o  developed i n  t h e  c o n t e x t  of w h a t  h e  b e l i e v e d  t o  be  a dangerous 
t h r e a t  imposed by t h e  Soviet  Union; and, Gouldner  argues t h a t  t h i s  
concern,  p a r t i c u l a r l y  i n  l i g h t  o f  t h e  Marxist prophecy t h a t  c a p i t a l i s m  
c o n t a i n e d  t h e  s e e d s  o f  i t s  own d e s t r u c t i o n ,  a c t e d  as a n o t h e r  i m p o r t a n t  
i n f l u e n c e  upon h i s  t h e o r e t i c a l  ou tpu t .  
" A t  t h e  v e r y  s o u r c e  of Parsons '  whole i n t e l l e c t u a l  e f f o r t ,  t h e n ,  was an 
e f f o r t  t o  combat t h i s  d e a t h  prophecy; t o  s e e k  or f o r m u l a t e  a s o c i a l  
sys t em so g e n e r a l  i n  character tha t  i t  need neve r  d i e ;  t o  endow i t  r i c h l y  
w i t h  a p e r p e t u a l ,  se l f -maintaining c h a r a c t e r ;  t o  remove or i r o n  ou t  a l l  
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h i n t  of i n t e r n a l  d i s rup t ion  and  decay" Gouldner (33)  
His work subsequent ly  changed its emphasis from t h e  c e n t r a l  problem of 
order ,  and i t s  s o l u t i o n  i n  voluntarism (spontaneous ind iv idua l  value 
commitments), t o  the  complex mechanisms of pattern-maintenance and s e l f -  
regula t ion .  T h i s  represented a f u r t h e r  i nc rease  i n  t h e  in f luence  of 
process-reduction on the perception of the  s o c i a l  world. 
F ina l ly ,  Gouldner argues t h a t  although Parsons d i d  move some way towards 
the  welfare s t a t e ,  funct ional ism s t i l l  adopted a c h a r a c t e r i s t i c  moral 
a t t i t u d e  towards s o c i a l  problems. 
"Socio logica l  Functionalism's emphasis on the  r o l e  of moral values  and 
on t h e  s ign i f i cance  of moral i ty  more genera l ly ,  o f t en  l e a d s  i t  t o  l o c a t e  
contemporary s o c i a l  problems i n  the  breakdown of the moral system; f o r  
example,as  due t o  de fec t s  i n  the  systems of s o c i a l i z a t i o n  and as due t o  
t h e i r  fa i lure  t o  t r a i n  people t o  behave i n  conformity with the moral 
norms." Gouldner (3'1) 
Functionalism, therefore ,  d id  not advocate the kind of technocra t ic  
r a t i o n a l i t y  - and the  technocra t ic  conception of s o c i a l  problems - t h a t  
came t o  p lay  a predominant r o l e  w i t h i n  the welfare state35. 
We can draw several conclusions from Couldner's c r i t i q u e  which suggest 
i n fe rences  about F o r r e s t e r  and system dynamics. F i r s t l y ,  there is the  
idea  tha t  Parsons' s o c i a l  theory r e f l e c t s  a middle-class concern about 
maintaining s o c i a l  order ,  coupled with a conservat ive impulse t o  
preserve  dominant va lues  and i n s t i t u t i o n s .  P a r t i c u l a r l y  i n  t he  face of 
crisis (when t h e r e  was a threat t o  s o c i a l  o r d e r )  Parsons' main concern 
was the  preserva t ion  of the  s ta tus  quo; not  wishing t o  a l ter  soc ie ty ' s  
c o n t r o l h g  i n s t i t u t i o n s ,  he concentrated upon t h e  non-economic sources  
of i n t eg ra t ion .  
Secondly, he bel ieved t h a t  s o c i a l  order  could be secured by mora l i ty  
a lone i.e. by ind iv idua l  value commitments and conformity t o  moral norms. 
T h i s  moral view of s o c i a l  order  a l s o  had the  ramif ica t ion  t h a t  social  
problems were seen as a r e f l e c t i o n  of a f a i lu re  i n  soc ie ty ' s  moral 
systems. 
Thirdly,  t h e  a f f luence  and s o c i a l  cohesion of t he  1950s l ed  t o  the  
e l abora t ion  of h i s  more soph i s t i ca t ed  systems model. Now t h a t  t he  threat  
t o  s o c i a l  o rder  had seemingly receded - and h i s  f a i t h  in soc ie ty ' s  
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i n s i t u t i o n s  appea red  t o  be v i n d i c a t e d  - he embarked upon a t h e o r e t i c a l  
program t o  map o u t  t h e  mechanisms by which t h e  s o c i a l  sys t em p r o t e c t e d  
i t s e l f .  T h i s  p e r i o d  o f  h i s  work a l s o  c o i n c i d e d  w i t h  a growing t h r e a t  
p e r c e i v e d  t o  be  posed by t h e  S o v i e t  Union; i n  t h e  face of t h i s  t h r e a t ,  
Parsons'  sys t ems  model e f f e c t i v e l y  d i sp roved  t h e  M a r x i s t  d e a t h  prophecy 
and showed t h a t  the  s o c i a l  sys t em o f  t h e  United S ta tes  was r i c h l y  
endowed w i t h  s e l f - e q u i l i b r a t i n g  mechanisms which would ensure its 
s u r v i v a l .  
L e t  us now see how t h e s e  i n f e r e n c e s  might a p p l y  t o  F o r r e s t e r .  I n  fact ,  
t h e r e  are a number of p l a u s i b l e  r e a s o n s  f o r  viewing F o r r e s t e r  i n  t h e  
same l i g h t  as Gouldner  views Parsons.  For example, F o r r e s t e r  developed 
h i s  e a r l y  i d e a s  on s o c i a l  sys t ems  d u r i n g  t h e  1950s when P a r s o n s  was 
working on h i s  more s o p h i s t i c a t e d  s y s t e m  model. Secondly,  each  of 
F o r r e s t e r ' s  later m o d e l l i n g  e f fo r t s  have been a d d r e s s e d  t o  some form of 
crisis i n  s o c i e t y ;  t h u s  - as w i t h  P a r s o n s  - he has f aced  t h e  problem o f  
s o c i a l  o r d e r .  
I n  t h e  n e x t  section we w i l l  a c t u a l l y  examine t h e  development of 
F o r r e s t e r ' s  work, f o c u s s i n g  i n  p a r t i c u l a r  on t h e  t h e o r e t i c a l  s h i f t s  
which have marked t h e  e x t e n s i o n  of sys t em dynamics t o  d i f f e r e n t  domains. 
If o u r  ana logy  with P a r s o n s  is r e a s o n a b l e ,  t h e n  we s h o u l d  be  a b l e  t o  
explain t h e s e  s h i f t s  - as w e l l  as t h e  overall development o f  h i s  work - 
i n  r e l a t i o n  t o  t h e  inferences made above. 
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3.3 TAEORETICAL StlIPTS AMI SûCIAL CûüïüXT 
F o r r e s t e r  developed i n d u s t r i a l  dynamics d u r i n g  the l a t e  1950s and e a r l y  
1960s; one of h i s  r e a s o n s  f o r  t h e  f o r m u l a t i o n  of t h e  approach was t h a t  i t  
would c o n t r i b u t e  towards  t h e  Un i t ed  S t a t e s '  c h a l l e n g e  f o r  world 
l e a d e r s h i p .  
"We see a l ready  t h a t  t h e  i n t e r n a t i o n a l  s t r u g g l e  of t h e  1950s t h a t  was 
based on m i l i t a r y  t e c h n o l o g i c a l  c o m p e t i t i o n  is changing t o  a s t r u g g l e  t o  
a c h i e v e  economic s t r e n g t h  and s u f f i c i e n t  u n d e r s t a n d i n g  o f  economic 
change t o  form a new bas i s  f o r  world l e a d e r s h i p " .  F o r r e s t e r  (36) 
emphasis added 
F o r r e s t e r ' s  earlier work on m i l i t a r y  systems i n d i r e c t l y  suppor t ed  t h e  
" m i l i t a r y  t e c h n o l g i c a l  compet i t ion ' '  t o  which he refers, and h i s  work on 
i n d u s t r i a l  dynamics was i n t e n d e d  as a basis fo r  improving the s t r e n g t h  
o f  American c o r p o r a t i o n s  - something which would presumably a i d  t h e  
United States i n  i ts  s t r u g g l e  f o r  g l o b a l  l e a d e r s h i p .  He d i d  not b e l i e v e  
t h a t  t h i s  would be won by t h e  s p a c e  race underway a t  t h e  time b u t  r a t h e r ,  
t h o u g h t  t h a t  s u c c e s s  l a y  i n  t h e  c o n t r o l  of economic systems. 
"It is i n  management and economics,  n o t  on the  moon or Mars, t h a t  t h e  
c u r r e n t  i n t e r n a t i o n a l  c o m p e t i t i o n  w i l l  be won. The American c o r p o r a t i o n  
is t h e  h e a r t  o f  t h e  American economic system. How well we fare w i l l  
depend on how well American c o r p o r a t e  management u n d e r s t a n d s  i ts  
job...For t h e  l a s t  twenty y e a r s ,  i n t e r n a t i o n a l  c o m p e t i t i o n  has been i n  
t h e  area o f  force s u p p o r t e d  by s c i e n t i f i c  advances. The r u l e s  of t h e  
c o n t e s t  are now changing. The test is now o f  l e a d e r s h i p  i n  showing the 
way t o  economic development and p o l i t i c a l  s t a b i l i t y " .  F o r r e s t e r  (17) 
emphasis added 
Thus, F o r r e s t e r  h e l d  up t h e  Un i t ed  States' economic development and 
p o l i t i c a l  s t a b i l i t y  as a model f o r  the  rest  o f  t h e  world t o  follow. 
Though he d i d  n o t  s p e c i f i c a l l y  refer t o  t h e  R u s s i a n s  by name, it was of 
c o u r s e  t h e  S o v i e t  Union which was t h e  o t h e r  main c o n t e n d e r  i n  t h e  
c o m p e t i t i o n  t o  which h e  refers. I n  o t h e r  words, we can c o n j e c t u r e  t ha t  
the i d e o l o g i c a l  c o n f r o n t a t i o n  w i t h  t h e  Soviets l e f t  its i m p r i n t  on h i s  
work, f o r  Its aim was to  h e l p  the United States win the i n t e r n a t i o n a l  
compe t i t i on .  I n  fact, a similar view of the n e c e s s i t y  for u n d e r s t a n d i n g  
the  workings of t h e  economy was l a t e r  t aken  by P r e s i d e n t  Kennedy. 
"What is a t  stake i n  our economic d e c i s i o n s  today  is n o t  some g r a n d  
warfare of r i v a l  i d e o l o g i e s  which w i l l  sweep the c o u n t r y  w i t h  p a s s i o n ,  
...................................................................... 
a During t h e  1940s and ear ly 1950s Forrester had worked on v a r i o u s  
military p r o j e c t s  concerning weapons control systems and the SAGE 
c o n t i n e n t a l  a i r  de fence  sys tem.  
b u t  t h e  p r a c t i c a l  management o f  t h e  modern ecomomy. What we need a r e  n o t  
labels  and cliches,  b u t  more bas ic  d i s c u s s i o n s  of t h e  s o p h i s t i c a t e d  and 
t e c h n i c a l  q u e s t i o n s  invo lved  i n  keep ing  a great economic machinery 
moving." Kennedy (38)  
Turn ing  now t o  t h e  urban m o d e l l i n g  p ro jec t ,  we have a l r e a d y  no ted  
F o r r e s t e r ' s  v i e w  o f  the  emergence o f  t h i s  stage of h i s  work . The f a c t o r s  
he p o i n t s  t o  are b i o g r a p h i c a l  de ta i l s :  for example, he refers t o  h i s  
c o n t a c t  w i t h  t h e  e x d a y o r  o f  Boston, C o l l i n s ,  and a l s o  l a y s  great 
emphasis upon t h e  f ac t  t h a t  he had h i s  own computer t e r m i n a l  a t  home - 
t h u s  a l l o w i n g  him t o  e x p e d i t i o u s l y  c a r r y  o u t  t h e  programming r e q u i r e d  
f o r  t h e  urban model. 
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But o f  c o u r s e  t h i s  view is o n l y  one  p o s s i b l e  i n t e r p r e t a t i o n ,  or 
d e s c r i p t i o n  of t h e  emergence o f  t h e  u rban  model and it c o n t r a s t s  w i t h  
the  i n f e r e n c e s  made e a r l i e r .  For example, i t  n o t a b l y  d o e s  n o t  take i n t o  
accoun t  any of t h e  v a r i o u s  t h e o r e t i c a l  s h i f t s  t h a t  can be unea r thed  
w i t h i n  t h e  urban model. Another  i n t e r p r e t a t i o n  is t h a t  we shou ld  not see 
urban dynamics merely a s  a t h e o r e t i c a l  e l a b o r a t i o n  of i n d u s t r i a l  
dynamics - i.e. a t e c h n i c a l  a d j u s t m e n t  o f  t h e  t h e o r y  to  f i t  a new domain 
- b u t  as a 'new' t h e o r y  which, i n  p a r t ,  w a s  fo rged  benea th  t h e  hammer o f  
t h e  t h r e a t  t o  s o c i a l  o r d e r .  It is t h i s  second i n t e r p r e t a t i o n  which w e  
w i l l  pu r sue  he re ,  and we w i l l  do so i n  r e l a t i o n  t o  t h e  r e l e v a n t  
theoretical  changes.  
F o r r e s t e r  had d e f i n i t e  views on government i n t e r v e n t i o n  i n  the  urban 
crisis and t h e  r e s p o n s i b i l i t i e s  of l o c a l  a d m i n i s t r a t i o n s .  He was, for 
example, opposed t o  mass ive  i n f l u x e s  of government money t o  tackle urban 
problems fo r  he b e l i e v e d  t h a t  t h e y  c o u l d  o n l y  be  s o l v e d  by changed 
i n t e r n a l  p r a c t i c e s .  He took  the view t h a t  a c i t y  shou ld  be a master of 
i t s  own d e s t i n y  - t h a t ,  i n  o t h e r  words, i t  s h o u l d  be a s e l f - r e g u l a t i n g  
system. O f  cou r se ,  t h e  i d e a  t ha t  s y s t e m  s h o u l d  be s e l f - r e g u l a t i n g  was 
n o t  new; t h e  p o i n t  of i n t e r e s t  is i n  t h e  way F o r r e s t e r  drew h i s  system 
boundary. H i s  c h o i c e  is i n  fact  r e s o n a n t  w i t h  a common f e a t u r e  o f  
American c u l t u r e  - namely t h e  n o t i o n  of i n d i v i d u a l  freedom which has 
evo lved  amid s u s p i c i o n  of the F e d e r a l  Government. ( T h i s  p a r a l l e l s  
Parsons '  h o s t i l i t y  t owards  the  New Deal d u r i n g  t h e  Great Depression. 
Then (and now) p r o p o s a l s  f o r  government i n t e r v e n t i o n  t o  s o l v e  s o c i a l  
crises were o f t e n  p e r c e i v e d  by t h e  middle-classes as a f u r t h e r  
d e s t a b i l i s i n g  threat t o  s o c i a l  o r d e r  and were d e b a r r e d  from the agenda 
of possf b l e  s o l u t i o n s . )  
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In Urban Dynamics we f i n d  t h a t  F o r r e s t e r  makes t h e  assumption t h a t  
underemployed Negroes ( h i s  term) s h o u l d  be i n t e g r a t e d  i n t o  t h e  economic 
framework o f  t h e  c i t y .  
" T h i s  s t u d y  assumes t h a t  extreme c o n c e n t r a t i o n  of economic and s o c i a l  
groups i s  d e t r i m e n t a l  and t h a t  s u c c e s s  w i l l  be more e a s i l y  ach ieved  i n  a 
s i n g l e  economic sys t em than  i n  two s e p a r a t e  and p a r a l l e l  systems." 
F o r r e s t e r  ( 3 9 )  
I n t e r e s t i n g l y  enough, he p r o v i d e s  no s y s t e m s - t h e o r e t i c  j u s t i f i c a t i o n  
f o r  t h i s  a s sumpt ion  a l t h o u g h  i t  r e p r e s e n t s  an expans ion  of h i s  t h e o r y  of  
s o c i a l  sys t ems  and one which a p p a r e n t l y  c o n t r a d i c t s  h i s  t h e s i s  t h a t  a 
c i t y  s h o u l d  be master o f  i ts  own d e s t i n y .  For ,  i f  a c i t y  can be a self-  
r e g u l a t i n g  economic e n t i t y ,  t hen  why no t  p a r t  o f  a c i t y ?  
There i s , h o w e v e r , a  way o f  u n d e r s t a n d i n g  t h i s  c o n t r a d i c t i o n ,  f o r  i n  fact  
i t  e x e m p l i f i e s  an argument w e  made i n  S e c t i o n  3.1.5. There we d i s c u s s e d  
Gouldner 's  i d e a  o f  f u n c t i o n a l  autonomy i n  o r d e r  t o  r e v e a l  t h e  b i a s  i n  
F o r r e s t e r ' s  n o t i o n  o f  i n t e rdependence .  T h i s  same b i a s  is e v i d e n t  he re ,  
and we can  see that  he i g n o r e s  t h e  fact t h a t  the  s o c i a l  and economic 
i n t e g r a t i o n  of B l a c k s  ( i n t o  t h e  mainstream social  and economic system) 
would restrict  t h e i r  a b i l i t y  t o  b u i l d  a f u n c t i o n a l l y  autonomous sys t em 
of t h e i r  own. 
Although there  is t h e  p o s s i b i l i t y  t h a t  F o r r e s t e r  was o n l y  e x p r e s s i n g  
some h u m a n i t a r i a n  d e s i r e  f o r  racial  harmony, a n o t h e r  p l a u s i b l e  
e x p l a n a t i o n  l i e s  i n  t h e  p r e v a i l i n g  th rea t  to  social  order. We s u g g e s t  
t h a t  he was merely e x p r e s s i n g  a concern f o r  o r d e r  and s t a b i l i t y  - 
f a c t o r s  which were deemed t o  be more i m p o r t a n t  t han  f u n c t i o n a l  autonomy 
f o r  Blacks.  
A t  t h e  t i m e  there was great conce rn  o v e r  t he  urban problem, and i n  
p a r t i c u l a r  i ts racial  dimensions.  Fo r  example, Conant warned of "social 
dynamite" i n  the c i t ies .  
"The b u i l d i n g  up o f  a mass of unemployed and f r u s t r a t e d  Negro y o u t h s  i n  
conges t ed  areas of a c i t y  is a s o c i a l  phenomenon tha t  may be compared to 
t h e  p i l i n g  up of i n f l a m a b l e  material i n  an empty building." Connant - 
quoted by Harwood (40) 
Harwood a r g u e s  t h a t  t he  aims of t h e  p o v e r t y  programmes, such as t h e  Ford 
Foundat ion 's  community a c t i o n  programme, were neve r  i n t e n d e d  t o  
eliminate American poverty.  Rather, he c o n t e n d s  t h a t  t h e y  were des igned  
t o  t r y  and re-establish t h e  s o c i a l  o r d e r  t h a t  had been d i s t u r b e d  by t h e  
effects  o f  economic change upon B lacks  after t h e  Second World War; t h e  
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aim was t o  i n t e g r a t e  them i n t o  t h e  economy and t h u s  r e s t o r e  o rde r4 ' .  
T h i s  is one p o s s i b l e  i m p l i c a t i o n  of F o r r e s t e r ' s  p o s i t i o n ,  and h i s  
o b j e c t i o n  t o  t h e  extreme c o n c e n t r a t i o n  o f  s o c i a l  g roups  can  be s e e n  as  
e x p r e s s i v e  o f  Conant 's  conce rn  abou t  t h e  " p i l i n g  up o f  inf lammable 
material'' - he was re spond ing  t o  t h e  t h r e a t  posed by t h e  urban problem 
and h i s  a b i d i n g  p r i o r i t y  was t h e  r e s t o r a t i o n  of s o c i a l  s t a b i l i t y .  
F o r r e s t e r  a l s o  t a l k e d  a b o u t  t h e  need t o  s t o p  low-cost hous ing  p r o j e c t s  
because  of t h e i r  a l l e g e d l y  d e t r i m e n t a l  effects on t h e  c i t y .  T h i s  p o l i c y  
o p t i o n  is supposed ly  d e r i v e d  from t h e  behav iour  o f  h i s  model, and y e t  
t h e  movement away from such hous ing  schemes had a l r e a d y  begun a t  t h e  
time h i s  model was formulated.  
" P r i o r  t o  t h e  new d i r e c t i o n s  of 1968, low r e n t  p u b l i c  hous ing  was t h e  
dominant component i n  terms of n a t i o n a l  p r o d u c t i o n  ... The impor t ance  o f  
t h e s e  programs d e c l i n e d  markedly i n  f a v o u r  of t h e  more recent (1968)  
r en ta l  and homeowneship s u b s i d y  programs." Mercer and H u l t q u i s t  (42)  
emphasis added 
F u r t h e r ,  i t  s h o u l d  be  no ted  t h a t  F o r r e s t e r  sugges t ed  t h a t  t h e  p o l i t i c a l  
power o f  t h e  poor was too s t r o n g ,  and t h a t  h i s  proposed hous ing  p o l i c y  
would e f f e c t i v e l y  serve t o  c o n s t r a i n  t h a t  power. On t h e  one hand, he 
p u r p o r t s  t o  b e  d i s c u s s i n g  t h e  p r o p e r t i e s  of feedback sys t ems ,  y e t  on t h e  
o t h e r  he c o n f l a t e s  t h i s  w i t h  open ly  p o l i t i c a l  value judgements. Might it 
n o t  t h e r e f o r e  b e  t h a t  h i s  p o l i c y  e x p l o r a t i o n s  on hous ing  are  n o t  so much 
a p u r e l y  t h e o r e t i c a l  m a t t e r ,  b u t  s imply  a n o t h e r  means of s e e k i n g  t h e  
r e s t o r a t i o n  of social o r d e r ,  and a t h e o r e t i c a l  r e f l e c t i o n  and 
l e g i t i m a t i o n  of a change t ha t  was a l r e a d y  underway a t  t h e  time t h e  model 
was b e i n g  b u i l t ?  
The t h e o r e t i c a l  changes  which we have been d i s c u s s i n g  are n o t  t h e  o n l y  
o n e s  t h a t  can be  seen i n  the u rban  model; o t h e r s  centre upon t h e  concep t  
o f  l i m i t e d  good and the r o l e  of p r e s s u r e s  and stresses i n  main ta in ing  
sys t em s t a b i l i t y .  I n  I n d u s t r i a l  Dynamics F o r r e s t e r  had been o p t i m i s t i c  
a b o u t  b e i n g  a b l e  t o  improve t h e  performance of a s y s t e m  w i t h o u t  a 
t r adeof f .  
"Since most i n d u s t r i a l  systems seem t o  o p e r a t e  s o  f a r  from a 
h y p o t h e t i c a l  i d e a l ,  i t  is r e a s o n a b l e  t o  hope t h a t  sys t em improvements 
can first be  o b t a i n e d  w i t h o u t  r e q u i r i n g  any compromise. Improving one 
f a c t o r  may no t  r e q u i r e  a p e n a l t y  elsewhere." F o r r e s t e r  (43) 
However, w i t h  the a d v e n t  o f  urban dynamics h i s  o u t l o o k  had somewhat 
changed. F o r r e s t e r  now e x h o r t e d  h i s  r e a d e r s  t o  d i f f e r e n t i a t e  between t h e  
p o s s i b l e  and t h e  i m p o s s i b l e  (or t h e  u t o p i a n )  and he i m p l i e d  t h a t  t h e r e  
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was o n l y  a l i m i t e d  or  f i x e d  amout o f  good t h a t  t h e  urban system cou ld  
p rov ide  f o r  i ts  subsystems. He took t h e  view t h a t  t h e  g o a l s  which may 
b e n e f i t  one subsystem may c a u s e  a n o t h e r  subsystem, or even t h e  system a s  
a whole t o  d e c l i n e .  Ideas  a b o u t  v a l u e  commitments began t o  surface and 
he ta lked  o f  t h e  " r e s p o n s i b i l i t y "  of urban r e s i d e n t s .  Thus, h e  imp l i ed  
t h a t  o r d e r  i n  c i t i e s  c o u l d  no t  be  secu red  by economic i n c e n t i v e s  a lone ,  
b u t  a l s o  r e q u i r e d  t h e  a l l e g i a n c e  t o  cer ta in  va lues .  Moreover, he a l s o  
imp l i ed  t h a t  t h e  urban cr is is  was p a r t l y  caused by the  breakdown o f  
' r e s p o n s i b l e '  v a l u e s  amongst t h e  poor. (We w i l l  r e t u r n  t o  these p o i n t s  i n  
Chapter  Five.)  
F o r r e s t e r ' s  concep t  o f  l i m i t e d  good is related t o  h i s  b e l i e f  t h a t  no 
s u s t a i n a b l e  sys t em mode can  be  free from p r e s s u r e s  and stresses. In fact ,  
systems are said t o  a c t u a l l y  need p r e s s u r e s  as r e s t r a i n t s  t o  s t o p  t h e  
system from d r i f t i n g  i n t o  u n d e s i r a b l e  behav iour  modes, i.e. o u t  o f  
e q u i l i b r i u m .  So, p r e s s u r e s  and l i m i t e d  good ( s c a r c i t y )  can  b e  c o n s i d e r e d  
t o  be  f u r t h e r  t y p e s  of p r o t e c t i v e  mechanisms f o r  t h e  system. H i s  new 
o u t l o o k  which is r e f l e c t e d  i n  t h e s e  theoret ical  c o n c e r n s  is t h e r e f o r e  
s h a r p l y  d i s t i n g u i s h e d  from h i s  ear l ie r  work. 
The i d e a  of l i m i t e d  good d i d  n o t  a p p e a r  i n  I n d u s t r i a l  Dynamics where he 
had been concerned t o  pave the way for American economic l e a d e r s h i p  i n  
t h e  world economy. In t h e  p o l i t i c a l  climate of t h e  time, such a n o t i o n  
c o u l d  c o n c e i v a b l y  have been c o n s t r u e d  as a s t a t e m e n t  o f  a f a u l t  o r  
l i m i t a t i o n  i n h e r e n t  i n  t h e  c a p i t a l i s t  system. However, w i t h  t h e  o n s e t  o f  
t he  urban crisis t h e  i d e a  came to t h e  fore, for i f  i t  hadn't ,  other goals 
- ' u top ian '  goals which c e r t a i n  s e c t i o n s  of American s o c i e t y  f i r m l y  
wished t o  resist - might have become predominant 44 . 
The next phase  i n  the development of F o r r e s t e r ' s  work was h i s  world 
model; by t h i s  time t h e  imputed g e n e r a l i t y  of i n d u s t r i a l  dynamics l e d  
him t o  a d o p t  t h e  term "system dynamics". The b u i l d i n g  o f  the model took 
p l a c e  i n  c o o p e r a t i o n  w i t h  the Club of Rome, and t h e  burgeoning 
e n v i r o n m e n t a l i s t  movement p rov ided  a b l a c k c l o t h  t o  t h e  p r o j e c t .  The main 
p o i n t s  made by t h i s  s t u d y  were t h a t  there were f ixed  "limits t o  growth" 
i n  t h e  world sys t em and t h a t  it was n e c e s s a r y  t o  undergo a t r a n s i t i o n  t o  
a n  e q u i l i b r i u m  s o c i e t y  i f  t h e  system were to a v o i d  a c a t a s t r o p h e .  
I m p l i c i t  i n  F o r r s t e r ' s  t h e o r e t i c a l  development was a changing emphasis 
on the  r o l e  and impor t ance  of i n d i v i d u a l  and c o l l e c t i v e  va lues .  Here 
a g a i n  w e  f i n d  an i n t e r e s t i n g  p a r a l l e l  t o  Pa r sons ,  who d u r i n g  the Great 
Depres s s ion  had advoca ted  t h e  potency o f  i n d i v i d u a l  effor t  i n  c o n t r a s t  
t o  c o l l e t i v e  s o l u t i o n s .  S i m i l a r l y ,  t he  need for i n d i v i d u a l  a c t i o n  is 
evoked by F o r r e s t e r  - i n  h i s  case t o  avert wor ld  c a t a s t r o p h e  - and h e  
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urged peop le  t o  change t h e i r  v a l u e s  s o  t h a t  t h e y  might d e r i v e  
s a t i s f a c t i o n  from a n  e q u i l i b r i u m  s o c i e t y .  
"To make t h e  b e s t  o f  t h e  f u t u r e  r e q u i r e s  r e s t r a i n t ,  s e l f - d i s c i p l i n e , a n d  
i n t e n t i o n a l l y  i n c r e a s e d  p r e s s u r e s  in t h e  present ."  F o r r e s t e r  ( 4 5 )  
emphasis added 
F o r r e s t e r ' s  new t h e o r e t i c a l  emphasis and Parsons '  e a r l y  work b o t h  
evo lved  amids t  dange rous  threats  t o  s o c i a l  o r d e r ;  no tab ly ,  bo th  thought  
t h a t  such th rea ts  must be s o l v e d  w i t h o u t  chang ing  t h e  fundamental  
economic s t r u c t u r e .  Wi th  t h e  urban c r i s i s  t h e  c h a l l e n g e  t o  o r d e r  was 
p r e s e n t  i n  many c i t ies ;  w i t h  t h e  world m o d e l l i n g  p r o j e c t  t h e  p e r c e i v e d  
t h r e a t  l a y  i n  t h e  f u t u r e  b u t  was p o t e n t i a l l y  more d e v a s t a t i n g .  
F o r r e s t e r ' s  i d e a  of s t o p p i n g  i n d u s t r i a l  growth s t a n d s  i n  s t a r k  c o n t r a s t  
t o  h i s  work i n  I n d u s t r i a l  Dynamics where he had s t a t e d  
" C a p i t a l  f o r m a t i o n ,  e d u c a t i o n ,  and the  a s p i r a t i o n s  of the  p e o p l e  m u s t  
grow i n  synchronism i f  r e v o l u t i o n  and war are n o t  t o  o v e r t a k e  economic 
development." ( 4 6 )  
I n  World Dynamics, however, we f i n d  a r a t h e r  d i f f e r e n t  p o s i t i o n .  
"We may now be l i v i n g  i n  a 'golden age' when, i n  s p i t e  of a widely 
acknowledged f e e l i n g  of malaise, t h e  q u a l i t y  of l i f e  is, on t h e  average, 
h i g h e r  t h a n  e v e r  b e f o r e  i n  h i s t o r y  and higher now than t h e  f u t u r e  
offers...There may be no rea l i s t ic  hope of t h e  p r e s e n t  underdeveloped 
c o u n t r i e s  r e a c h i n g  the  s t a n d a r d  of l i v i n g  demons t r a t ed  by t h e  p r e s e n t  
i n d u s t r i a l i z e d  nations." (47)  
These i d e a s  are a l s o  e x p r e s s e d  i n  terms which have i m p o r t a n t  t h e o r e t i c a l  
r a m i f i c a t i o n s  for h i s  sys t ems  theo ry .  He h a s  now 'd i scove red '  fundamental  
'laws' of social systems. 
"When u l t i m a t e  l i m i t s  are approached, n e g a t i v e  forces i n  the  system 
g a t h e r  s t rength u n t i l  t h e y  s t o p  t h e  growth p r o c e s s e s  t ha t  had p r e v i o u s l y  
been i n  c o n t r o l .  I n  one b r i e f  moment of time t h e  world f i n d s  t h a t  t h e  
a p p a r e n t  law of e x p o n e n t i a l  growth fails  as t h e  comple t e  d e s c r i p t i o n  of 
n a t u r e .  Other fundamental  laws o f  n a t u r e  and the s o c i a l  system have been 
l y i n ß  i n  wait u n t i l  t h e i r  time h a s  come." (48) emphasis added 
Thus, the sys t em w i l l  u l t i m a t e l y  p r o t e c t  i t s e l f  and e s t a b l i s h  an 
e q u i l i b r i u m  c o n d i t i o n ,  b u t  w i l l  n o t  do so  w i t h  the w i s h e s  of human 
b e i n g s  i n  mind. Forrester o b s e r v e s  the  fact  t h a t  v a l u e s  are a c q u i r e d  
th rough  social isat ion and he b e l i e v e s  that  man has not evolved fast 
enough t o  cope  w i t h  a world system that, has now become so complex4g. 
G r o w t h  o r i e n t e d  v a l u e s  are s e e n  a s  t r a n s i e n t  phenonena t h a t  are an 
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t e r r a t i o n  i n  p r e s e n t  c o n t e x t s ,  w h i l s t  t h e  v a l u e s  c o n s i s t e n t  w i t h  an  
l u i l i b r i u m  s o c i e t y  are more basic. In f u n c t i o n a l i s t  s t y l e ,  F o r r e s t e r  
i n t i n u e s  t o  l o o k  f o r  t h e  r o o t  o f  s o c i a l  problems i n  t h e  breakdown of 
Le moral  system. 
)r t h e  p a s t  s e v e r a l  y e a r s  F o r r e s t e r  h a s  been p reoccup ied  w i t h  mode l l ing  
ie American n a t i o n a l  economy. T h i s  work began d u r i n g  a mounting concern 
. t h  the  problems of i n f l a t i o n  and unemployment, when t h e  s o c i a l  o r d e r  
ice more f aced  crises and p o t e n t i a l  d i s o r d e r .  Although d e t a i l s  o f  t h e  
) d e l  are n o t  f u l l y  a v a i l a b l e  a t  the  time of w r i t i n g ,  w e  can  n o t e  h i s  
Laims t h a t  t h e  system dynamics s t r u c t u r e  o f  t h e  model can  r ep roddce  t h e  
i f l a t i o n  and unemployment crises which many c a p i t a l i s t  c o u n t r i e s  have 
?en e x p e r i e n c i n g .  He views t h e s e  crises r a t h e r  as sys t em p r o p e r t i e s  
nich have  h i t h e r t o  been misunderstood and mismanaged, and he has looked 
3 t h e  concep t  of long-wave economic c y c l e s  (e.g. t h e  K o n d r a t i e f f  c y c l e )  
n o r d e r  t o  e x p l a i n  them. 
I b e l i e v e  t h e  System Dynamics nat ional  Model is beg inn ing  t o  p r o v i d e  
h e  first c o h e r e n t  theory  of how the  l o n g  wave is g e n e r a t e d ,  andytR&' 
heory t o  the h i s t o r i c a l  e v i d e n c e  f o r  t h e  l o n g  wave, t h u s  u n i f y i n g  many 
b s e r v a t i o n s  p r e v i o u s l y  t h o u g h t  c o n t r a d i c t o r y .  We see t h e s e  waves as t h e  
o u r c e  of much of today 's  r i s i n g  unemployment i n  i n d u s t r i a l  economies." 
50) emphasis  added 
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h i s  r e p r e s e n t s  y e t  a n o t h e r  a d d i t i o n  t o  the  t h e o r e t i c a l  c o r e  o f  system 
ynamics ( a s  well as an expans ion  o f  its domain) and once again we see 
h a t  i t  p l a y s  the same c o n s e r v a t i v e  r o l e  as t h e  o t h e r  t h e o r e t i c a l  
evelopments.  As w e  saw earlier, F o r r e s t e r ' s  t h i n k i n g  upholds  t h e  
e g i t i m a c y  of t h e  p r e s e n t  s o c i a l  o r d e r ;  s t a r t i n g  from the  oneness  and 
i n i t y  d e p i c t e d  by the  model, i t  e x p l a i n s  t h e  problems now t r o u b l i n g  
i o c i e t y  w i t h o u t  resort t o  i d e a s  of conf l ic t  or c o n t r a d i c t i o n s .  S o c i a l  
ind economic problems t h u s  emerge as sys t em c h a r a c t e r i s t i c s ,  or a t  least  
IS t h e  Characteristics of mismanaged sys t ems  - i.e. t h e y  are not t h e  
i roduc t  of a c o n t r a d i c t o r y  system, a sys t em d i v i d e d  a g a i n s t  i t se l f ;  
' a the r ,  t h e y  are more l i k e  ' n a t u r a l '  p r o p e r t i e s  of t h e  sys t em and are t o  
)e a c c e p t e d  as such. 
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We have now looked a t  t h e  g e n e r a l  e v o l u t i o n  of  system dynamics, 
i n c l u d i n g  i t s  i n h e r e n t  t h e o e t i c a l  s h i f t s ,  and sought  t o  e x p l a i n  them i n  
r e l a t i o n  t o  s p e c i f i c  s o c i a l  developments.  Our  d i s c u s s i o n  of these  
developments h a s  mainly c e n t r e d  upon v a r i o u s  s o c i a l  crises b u t  we have 
a l s o  r e f e r r e d  t o  o t h e r  f e a t u r e s  c l u s t e r e d  around them. For example, we 
no ted  t h e  q u e s t i o n  o f  t h e  p o l i t i c a l  power of  t h e  poor and t h e  autonomy 
o f  B lacks  i n  r e l a t i o n  t o  t h e  u rban  crisis. These issues, o f  cour se ,  are 
connected t o  t h e  chang ing  power d i f f e r e n t i a l s  between d i f f e r e n t  g roups  
and c l a s s e s  i n  American s o c i e t y  and are t h e r e f o r e  s p e c i f i c  s t r a n d s  of 
s o c i a l  development i n  t h e i r  own right. F o r r e s t e r  as responded t o  each 
cr is is  w i t h  a mode l l ing  p r o j e c t  which h a s  sough t  t o  solve it. In each 
case, t h e  r e s t o r a t i o n  of s o c i a l  o r d e r  h a s  been paramount i n  h i s  t h i n k i n g ,  
and h i s  proposed p o l i c i e s  do n o t  c h a l l e n g e  t h e  e s t a b l i s h e d  o rde r .  
We have seen t h a t  F o r r e s t e r ' s  worldview - l i k e  Parsons '  - r e p r e s e n t s  a 
t r a d i t i o n a l  m i d d l e - c l a s s  conce rn  w i t h  s o c i a l  o rde r .  F u r t h e r ,  h i s  
allegiance t o  t h e  American s o c i a l  system, t o  c a p i t a l i s m ,  and indeed t o  
s o c i a l  o r d e r  g e n e r a l l y ,  is n o t  j u s t  a c o n s c i o u s  matter i n  t h e  sense t h a t  
h e  e x p l i c i t l y  v a l u e s  them. They are also r o o t e d  i n  t h e  t h e o r e t i c a l  
b e l i e f s  which s t r u c t u r e  h i s  p e r c e p t i o n s  and t h e  way he th inks .  And t h e s e  
b e l i e f s  are themse lves  grounded in h i s  social background and t o g e t h e r  
w i t h  h i s  v a l u e s  and general o u t l o o k  have shaped t h e  development of h i s  
work in r e l a t i o n  t o  the s o c i a l  problems h e  h a s  s o u g h t  t o  t a c k l e .  
F o r r e s t e r ' s  o u t l o o k  h a s  become more p e s s i m i s t i c  ove r  t h e  y e a r s  and t h i s  
t o o  h a s  i n f l u e n c e d  h i s  t h e o r e t i c a l  p o s i t i o n .  For example, n o t  o n l y  has he 
come t o  look f o r  a moral s o l u t i o n  t o  s o c i a l  problems, b u t  he h a s  a l s o  
come t o  p e r c e i v e  such problems as b e i n g  r o o t e d  i n  d e f i c i e n t  v a l u e  
s t ruc tures  i.e. i n  f a i lu re s  of t h e  moral  sys t em i t s e l f .  F u r t h e r ,  w e  have 
seen how the b l u n t i n g  of h i s  opt imism has l e d  him t o  a d v o c a t e  t h e  
n e c e s s i t y  o f  " p r e s s u r e s  and stresses" i n  o r d e r  for  s o c i a l  sys t ems  t o  
main ta in  t h e i r  s t a b i l i t y .  Thus, what was once c o n s t r u e d  by some peop le  as 
a s o c i a l  problem may now - a c c o r d i n g  t o  F o r r e s t e r ' s  p o s i t i o n  - be  seen 
e i t h e r  a s  a value problem, o r  as a sys t em n e c e s s i t y  (or  pe rhaps  even a 
system p r o p e r t y  i n  t h e  case of t h e  causes of unemployment and 
i n f l a t i o n ) .  
Though we have s e e n  t h a t  F o r r e s t e r  is committed t o  c a p i t a l i s m ,  h i s  
i n c r e a s i n g l y  moral  p e r s p e c t i v e  canno t  be  e x p l a i n e d  i n  r e l a t ion  t o  
c a p i t a l i s t  i n t e r e s t s . a l o n e  - i.e. a s  a ref lect ion of t h e  economic base. 
Indeed,  h i s  p o s i t i o n  is n o t i c a b l y  d i f f e r e n t  t o  t h e  t e c h n o c r a t i c  
p e r c e p t i o n  of s o c i a l  problems, which i r o n i c a l l y ,  o t h e r  c r i t i c s  see a l so  
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a s  a r e f l e c t i o n  of c a p i t a l i s t  i n t e r e s t s .  
Our ana lys i s  of Fo r re s t e r ' s  worldview has  shown t h a t  it has  e n t a i l e d  a 
number of s h i f t s  i n  h i s  t h e o r e t i c a l  pos i t i on  - i n  o ther  words, h i s  
a c t u a l  i n t e r p r e t a t i o n s  of the world have changed. Although we have 
argued t h a t  he is committed t o  s o c i a l  order  we have e s t ab l i shed  t h a t  h i s  
i n t e r p r e t a t i o n  of how t h a t  i n t e r e s t  may be secured has sh i f t ed .  Indeed, 
t h i s  has  r ami f i ca t ions  f o r  h i s  o ther  i n t e r e s t s  and  we have shown t h a t  he 
moved from the  promotion of t h e  hegemony of American cap i t a l i sm t o  the 
idea  t h a t  growth must end. I f  we had adopted only a simple s t a t i c  model 
o f  the  r e l a t i o n s h i p  between i n t e r e s t s  and t h e  development of knowledge, 
w e  would not have grasped these  important changes - t h i s  bears  ou t  t h e  
u t i l i t y  of t he  developmental model posi ted by Elias. This model has  
a f forded  u s  an explanat ion of For re s t e r ' s  s h i f t i n g  i n t e r p r e t a t i o n s  of 
h i s  in terests  - i n  order  t o  secure the  goa l  o f  s o c i a l  order;  i t  h a s  
i l lumina ted  the  expansion of t h e  domain of app l i ca t ion  of system 
dynamics; and i t  h a s  enabled us t o  comprehend t h e  var ious  t h e o r e t i c a l  
s h i f t s  which mark the  expansion of its t h e o r e t i c a l  core. Moreover, by 
l o c a t i n g  the  development of Fo r re s t e r ' s  work i n  a c u l t u r a l  t r a d i t i o n  we 
have - i n  Fleck's terms - shown t h a t  a number of h i s  systems ideas  such 
a s  the  s tand a g a i n s t  massive f inanc ia l  p rog rames  etc., are r e a l l y  
esoteric variants of more general e x o t e r i c  knowledge. In o t h e r  words, 
knowledge wi th in  the  t r a d i t i o n a l  i deas  o f  t he  American middle-classes 
has  been transformed i n t o  an e s o t e r i c  systems-theoret ic  variant. Thus, 
had w e  predicated our  i nves t iga t ion  on a simple dichotomy between 
i n t e r n a l  and external h i s t o r y  we could not have a r r ived  a t  an adequate 
explanat ion f o r  both t h e  core  domain expansions w i t h i n  system 
dynamics. Such a dichotomy could well  a l low f o r  s o c i a l  in f luences  on the 
choice of domain extensions,  but could not expla in  the  t h e o r e t i c a l  
s h i f t s  too. 
In t h i s  chapter  we have focused upon the  genera l  macroscopic 
r e l a t i o n s h i p  between knowledge and  social development; i n  t he  following 
chapter  we w i l l  consider  the  s p e c i f i c  micro-social  r e l a t i o n s h i p  between 
the  cosmology of t he  members of the  System Dynamics Group and the  s o c i a l  
bonds which u n i t e  them. We need t o  understand how s o c i a l  r e l a t ions  shape 
t h e i r  values, out look and t h e o r e t i c a l  b e l i e f s  - not just in times of 
c r i s i s ,  but a l s o  d u r i n g  the ord inary  mundane world of experience and, 
most importantly,  i n  t h e  context  of t h e  System Dynamics Laboratory. In 
o the r  words, we need t o  know how the  elements of a worldview a r e  
t ransmi t ted  and cons t an t ly  re-formed i n  the  consciousness of 
ind iv idua ls .  To f l e s h  out  t he  bones t h a t  we have l a i d  bare  we now need 
t o o l s  of g r e a t e r  prec is ion .  Thei r  provis ion w i l l  be the  sub jec t  of the  
next chapter.  
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4.0 IWIRODUCTION 
The aim of t h i s  chapter  is t o  develop a p i c t u r e  of t h e  co-development 
and i n t e r r e l a t i o n s h i p  between system dynamics and the  micro-level 
s o c i a l  s t r u c t u r e  of t h e  System Dynamics Group. Using the  anthropological  
concept of cosmology we w i l l  endeavour t o  connect t h e  shared 
profess iona l  outlook of t h e  sys t em dynamicists w i t h  t h e i r  s o c i a l  
experience as a group. In add i t ion  t o  s o c i a l  s t r u c t u r e  and cosmology 
(with t h e  focus on t he  content  of knowledge such as b e l i e f s  about man, 
soc ie ty  and na ture)  we w i l l  a l s o  consider  cosmological s t y l e  or  thought 
s t y l e  a s  .evidenced by t h e i r  methodological o r i en ta t ion ,  inc luding  t h e i r  
approach t o  modelling and response t o  t h e o r e t i c a l  anomalies. 
We w i l l  undertake a comaparative ana lys i s  and argue t h a t  d i f f e r e n c e s  i n  
s o c i a l  context  a t  the micro-level can be used t o  i l l umina te  the  
d i f f e r e n c e s  i n  t h e  shared knowledge - both i n  terms of s t y l e  and content  
- of the  System Dynamics Group vis-a-vis a c o n t r o l  group. 
Beginning with t h e  work of Berns te in  and the  r e l a t i o n s h i p  between 
cosmologies, L inguis t ic  ccdes and t h e  s o c i a l  boni, we w i l l  consider  two 
e l abora t ions  o f  h i s  work. The first, due t o  Douglas, is d i r e c t e d  towards 
t h e  content  o f  knowledge, o f  shared beliefs about  man ard t h e  cosmos. The 
seconi ,  due t o  Bloor, is a development of t h e  first v i a  the  work of 
Lakatos i n  which the  focus  is on method and the  form o r  style of 
knowledge (or thought s t y l e ) .  I n  Douglas' work it is argued t h a t  the 
s t y l e  and content  of knowledge are connected but  f o r  the purposes of our 
a n a l y s i s  here we s h a l l  keep them sepa ra t e  d u r i n g  our inves t iga t ion .  It 
is of course not necessa r i ly  t h e  case that t h e  content  o f  knowledge 
should be t h e  same as s t y l e ,  p a r t i c u ï a r l y  as we w i l l  t a k e  a 
methodological view of thought s ty l e .  
Thus, we shall erdeavour t o  show t h a t  on three d i f f e r e n t  levels  - s o c i a l  
s t r u c t u r e ,  t he  s t y l e  of knowledge or thought, and t h e  content  of 
knowledge - t he  System Dynamics Group nan i f e s t  a sys temat ic  d i f f e rence  
i n  c o n t r a s t  t o  our chosen c o n t r o l  group. 
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4.1 COSMOLOGY AND SOCIAL STRUCTURE 
The an thropologica l  concept of cosmology i s  of a system of knowledge 
encompassing shared bel iefs  about how the  universe  is construed. T h i s  
system inc ludes  knowledge about t h e  fundamental 'bui lding blocks' of t h e  
cosmos, inc luding  the  r e l a t i o n s h i p  betwen t h e  self and s o c i e t y  which i n  
f a c t  c o n s t i t u t e s  t h e  thread by which t h e  o the r  b e l i e f s  a r e  held 
together .  Each cosmology has i t s  own c h a r a c t e r i s t i c  s t y l e  of thought, 
determined by t h e  na tu re  of t h e  system of boundaries and c l a s s i f i c a t i o n s  
t h a t  make it up. 
Cosmologies a r e  cons t ruc ted  with systems of c l a s s i f i c a t i o n s  i n  which 
t h e  na ture  of t h e  boundaries (or  d i v i s i o n s )  between c l a s s e s  may vary. 
For example, some cosmologies may have a s t r o n g  tendency t o  maintain 
boundaries, w h i l s t  o t h e r s  may have a weak tendency. I n  t h e  first ins tance  
we might expect sharp  d i s t i n c t i o n s  between cogn i t ive  classes or 
ca tegor ies ,  a s  i f  everything were 'black and white'. I n  t h e  second case we 
could expect many shades of grey and a wi l l i ngness  t o  revise e x i s t i n g  
c l a s s i f i c a t i o n s .  The first treats c l a s s i f i c a t i o n s  as 'God given' and 
immutable - c e l e b r a t i n g  the p u r i t y  of categories - whi l s t  t h e  second 
treats them more as provis iona l  e n t i t i e s  - c e l e b r a t i n g  t h e  mixture of 
categories'. 
Douglas2is an an thropologis t  who has  developed some widely discussed 
i d e a s  about  cosmologies and how they are r e l a t e d  to social structures. 
She views cosmology as being r e l a t e d  t o  the type  of s o c i a l  bond i n  a 
s o c i e t y  - a l i n e  of reasoning r e l a t e d  t o  t h a t  of Durkheim and b u s s .  The 
bas ic  idea  is t h a t  t h e  s o c i a l  r e l a t i o n s h i p s  i n  a s o c i e t y  provide a 
prototype f o r  t h e  l o g i c a l  r e l a t i o n s h i p s  between things.  Thus our s o c i a l  
boundaries are s a i d  t o  in f luence  our cogn i t ive  boundaries and the re fo re  
how we make sense of t h e  world and endow it with i n t e l l e c t u a l  coherence. 
"The first logical  categories were social ca tegor ies ;  t h e  first classes 
of t h i n g s  were classes of men i n t o  which these  t h i n g s  were integrated.  
It was because men were grouped and thought of themselves i n  t h e  form of 
groups t h a t  i n  t h e i r  i d e a s  they grouped o t h e r  things." Douglas ( 3 )  
This  a spec t  of Douglas' thought is also der ived from t h e  work of 
BernsteinQ. I n  p a r t i c u l a r  she incorpora tes  h i s  i deas  t h a t  s o c i a l  
s t r u c t u r e s  inc lude  va r ious  l i n g u i s t i c  codes which mediate s o c i a l  
r e l a t i o n s  and, most important ly ,  set c o n s t r a i n t s  or l i m i t a t i o n s  upon t h e  
medium of expression i.e. language. Symbolic expression is t h e r e f o r e  s a i d  
t o  be constrained by the na ture  of s o c i a l  experience. I n  order  t o  
develop t h e  idea  of such c o n s t r a i n t s  we need t o  e l u c i d a t e  t h e  idea  of 
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l i n g u i s t i c  codes. T h i s  w i l l  in t roduce  some i d e a s  t h a t  w i l l  underpin most 
of what is t o  fol low l a t e r  i n  t h e  chapter.  
LINGUISTIC CODES 
Bernstein 's  thought on l i n g u i s t i c  codes is der ived from Durkheim's 
sociology of knowledge and Sapi r ' s  work on t he  inf luence  of language a s  
a c u l t u r a l  control5.  H i s  focus of i n t e r e s t  is upon t h e  r o l e  of speech 
forms i n  encoding t h e  p a t t e r n s  of  social  r e l a t i o n s ,  and i n  mediating and 
r e in fo rc ing  those  pa t te rns .  
The bas i c  idea  is t h a t  when a c h i l d  is s o c i a l i s e d  it learns a language 
t h a t  is encrypted i n  a l i n g u i s t i c  code t h a t  reflects t h e  s o c i a l  
s t r u c t u r e  wi th in  which it re s ides .  L i n g u i s t i c  codes not  only de f ine  t h e  
concepts  used by t h e  ch i ld ,  they  a l so  set  l i m i t s  on what  is  perceived and 
on how percept ions  are s t r u c t u r e d  i n t o  meaningful pa t t e rns .  
"...different speech systems or codes create f o r  t h e i r  speakers  d i f f e r e n t  
o r d e r s  of relevance and r e l a t i o n .  The experience of t h e  speakers may 
then be transformed by what is  made s i g n i f i c a n t  or r e l evan t  by d i f f e r e n t  
speech systems. As t h e  c h i l d  l e a r n s  h i s  speech, or, i n  t h e  terms I shall 
use here,  learns s p e c i f i c  codes which r e g u l a t e  h i s  ve rba l  acts, he l e a r n s  
t h e  requirements of h i s  s o c i a l  s t r u c t u r e .  The experience of t h e  c h i l d  is 
transformed by t h e  l e a r n i n g  generated by h i s  own, apparent ly  voluntary 
acts of  speech. The s o c i a l  s t r u c t u r e  becomes, i n  t h i s  way, t h e  substratum 
of t h e  ch i ld ' s  experience e s s e n t i a l l y  through t h e  manifold consequence 
of t h e  l i n g u i s t i c  process. From t h i s  po in t  of view, every time t h e  c h i l d  
speaks or  l i s t e n s ,  t h e  s o c i a l  s t r u c t u r e  is r e in fo rced  i n  him and h i s  
s o c i a l  i d e n t i t y  shaped." Berns te in  ( 6 )  emphasis added 
The " d i f f e r e n t  o rde r s  of re levance  and r e l a t i o n "  impose d i f f e r e n t  
c o n s t r a i n t s  upon t h e  ch i ld ' s  percept ions  and experiences,  and these  have 
t h e i r  c o r r e l a t e s  a t  a l i n g u i s t i c  level. There has a c t u a l l y  been a g r e a t  
dea l  of debate  on t h i s  matter, e s p e c i a l l y  wi th  regard t o  t h e  p rec i se  
mechanism of the codes - e.g. do they ope ra t e  through syntax or 
semantics? Whils t  we wish t o  acknowledge t h e  controversy surrounding 
these  po in t s  we do not  in tend  t o  become bogged down w i t h  them here7. I n  
order  t o  i l l u s t r a t e  t h e  d i f f e rence  between codes it is s u f f i c i e n t  t o  
in t roduce  the  idea  t h a t  language may have two d i s t i n c t  functions: one is 
t o  t ransmi t  information, and t h e  o t h e r  is t o  express  t h e  s o c i a l  
s t r u c t u r e  from which it emerges and t o  r e i n f o r c e  it. 
Berns te in  p o s i t s  t h e  idea of two d i s t i n c t  l i n g u i s t i c  codes, one 
r e s t r i c t e d  and one elaborated.  The r e s t r i c t e d  code is seen as having a 
narrow range of s y n t a c t i c  a l t e r n a t i v e s  t h a t  a r e  r i g i d l y  organised. 
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S o c i a l l y  r e s t r i c t e d  speech conveys information,  b u t  a l s o  expresses  and 
r e in fo rces  the s o c i a l  s t r u c t u r e ;  t h e  second func t ion  dominates t h e  
first. T h i s  code r e l i e s  heavi ly  upon t h e  p reva i l i ng  s o c i a l  context  t o  
convey meanings and the re fo re  affirms t h e  unchallenged metaphysical 
convict ions upon which the  s o c i a l  s t r u c t u r e  r e s t s .  
In con t ra s t ,  t he  e laborated code is more detached from i ts  s o c i a l  r o l e  
and is more o f  an independent t o o l  o f  thought. It has a wide  range o f  
s y n t a c t i c  a l t e r n a t i v e s  t h a t  are f l e x i b l y  organised; i t  r equ i r e s  more 
complex planning and can be  used t o  a r t i c u l a t e  genera l i sed  a b s t r a c t  
p r inc ip les ;  it organises  thought processes  and d i s t ingu i shes  and 
combines ideas. T h i s  code c a r r i e s  a much smaller burden of i m p l i c i t  
meanings f o r  its aim is t o  make everything e x p l i c i t  - it e labora tes  
meanings verbal ly .  
"In its more extreme, e l abora t e  form it is so much disengaged from the 
normal s o c i a l  structure t h a t  it may even come t o  dominate t h e  la t ter  and 
r e q u i r e  the  s o c i a l  group t o  be s t r u c t u r e d  around speech, as i n  the  case 
of a u n i v e r s i t y  lecture." Douglas(8) 
Each type of speech code is found i n  d i f f e r e n t  s o c i a l  s t r u c t u r e s ,  each 
is generated by a par t icular  s o c i a l  matrix. Berns te in  has used the  idea 
of family con t ro l  systems ( t h e  way that  a d u l t s  c o n t r o l  t h e i r  ch i ld ren )  
as a way of cha rac t e r i s ing  these differences.  He p o s i t s  t h e  idea of two 
oppos i te  systems, p o s i t i o n a l  and personal ,  correspondingj the restricted 
and e labora ted  codes. With p o s i t i o n a l  con t ro l ,  the  restricted code 
reflects t h e  s t a tuses ,  ro l e s ,  and h ie rarchy  of t he  surrounding s o c i a l  
context.  
to 
"The c h i l d  i n  t h i s  family is con t ro l l ed  by the con t inua l  building-up of 
a sense  of s o c i a l  pattern: of a sc r ibed  r o l e  ca tegor ies .  If i t  asks Why 
must I do th i s? '  t h e  answer is  i n  terms of r e l a t i v e  posi t ion.  Because I 
s a i d  so (hierarchy) .  Because you're a boy (sex  ro l e ) .  Because ch i ldren  
always do (age status). Because you're the o l d e s t  ( s en io r i ty ) .  As he 
grows h i s  experience flows i n t o  a grid of r o l e  ca tegor ies ;  right and 
wrong are l e a r n t  i n  terms of t h e  given s t r u c t u r e ;  he himself is seen i n  
r e l a t i o n  t o  tha t  structure." Douglas (9) 
Houever ,ui th  personal  c o n t r o l  the value of t h e  ind iv idua l  is ce leb ra t ed  
rather than the  f ixed  s o c i a l  pa t te rn .  The c h i l d  here is s e n s j t i s e d  
towards the  f e e l i n g s  of o t h e r s  and uses  t h e  e labora ted  code t o  
a r t i c u l a t e  h i s  own personal  f e e l i n g s  and emotions. When t h i s  c h i l d  asks  
a quest ion i t s  mother feels obl iged t o  g ive  as full an explanat ion as 
possible.  
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"The c u r i o s i t y  of t h e  c h i l d  is used t o  inc rease  h i s  verba l  cont ro l ,  t o  
e l u c i d a t e  causa l  r e l a t i o n s ,  t o  teach him t o  a s s e s s  t h e  consequences of 
h i s  a c t s .  Above a l l  h i s  behaviour is con t ro l l ed  by being made s e n s i t i v e  
t o  the  personal  f e e l i n g s  of o thers ,  by inspec t ing  h i s  own fee l ings .  Why 
can't I do i t ?  Because your f a t h e r  is f e e l i n g  worried; because I've got  a 
headache. How would you l i k e  it i f  you were a f l y ?  or a dog? The c h i l d  
tends t o  be con t ro l l ed  by person o r i en ted  appeals." DouglasilO) 
Now l e t  u s  see how these  ideas  t i e  i n  w i t h  t he  concept of  cosmology. 
Douglas summarises Bernstein 's  i n s i g h t s  i n  the  following terms. 
"He is de r iv ing  cosmology from c o n t r o l  systems, o r  r a t h e r  showing how 
cosmology i s  p a r t  of the  s o c i a l  bond, according t o  the  following 
p r inc ip l e s .  F i r s t ,  any c o n t r o l  system, since i t  has t o  be made reasonable  
(be j u s t i f i e d ,  va l ida t ed  or legitimated as Weber put i t ) ,  must appeal t o  
u l t ima te  p r i n c i p l e s  about t he  nature of man and t h e  cosmos...Second, t h a t  
t h e  c o n t r o l  system i n t e r a c t s  w i t h  the  media of con t ro l  ( s p e e c h , r i t u a l ) .  
Third, tha t  c e r t a i n  c h a r a c t e r i s t i c s  hold between the  coding of t h e  
medium and t h e  cha rac t e r  of t h e  c o n t r o l  system." ( 1  1 )  
Each speech form t r ansmi t s  not only information, but a l s o  a concealed 
"baggage of shared assumptions". These assumptions are the  "u l t imate  
p r inc ip l e s"  of d i f f e r e n t  cosmologies. Thus t h e  nature of t h e  social  
environment is perpetuated i n  speech forms and cosmology, and these  i n  
tu rn  tend t o  r e i n f o r c e  t h a t  environment. 
The t r a n s i t i o n  from p o s i t i o n a l  t o  personal  c o n t r o l  and from r e s t r i c t e d  
t o  e labora ted  speech codes, is argued t o  be a r e s u l t  of 
i n d u s t r i a l i s a t i o n ,  p a r t i c u l a r l y  through d i f f e r e n t i a t i o n  (e.g. t h e  
d i v i s i o n  of labour)  and increased  s o c i a l m o b i l i t y .  It shows 
" the  way t h a t  p a t t e r n s  of family c o n t r o l  are progress ive ly  detached from 
t h e  immediate social  s t r u c t u r e  of t h e  family and local community and 
progress ive ly  coordinated with t h e  demands of t h e  wider i n d u s t r i a l  
social structure." Douglas( 12) 
However, t h e  p re s su res  of i n d u s t r i a l i s a t i o n  do not produce the  same 
combinations of responses  i n  control  and speech i n  a l l  areas of 
i n d u s t r i a l  soc ie ty .  Douglas and Berns te in  have suggested a tentative 
model t o  d i s t i n g u i s h  d i f f e r e n t  cosmologies according t o  t h e  d i f fe rences  
i n  codes and c o n t r o l  schemes. F igure(1)  shows a fou r fo ld  c lass i f icat ion 
of cosmologies; t h e  cosmological elements i n  each case are Cardinal  s i n s  
and v i r t u e s ,  t h e  idea  of t h e  self, and a r t  forms. L e t  us cons ider  some of 
t h e  p r o p e r t i e s  of t h e  diagram. 
I n  s e c t o r  ( A )  speech has a so l idar i ty-main ta in ing  s o c i a l  function. Here 
are many so-cal led <pr imi t ive '  t r i b e s  where t h e  social  structure has a 
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s t rong  g r i p  on i t s  members. I n  s e c t o r  (B) speech has been e labora ted  a s  a 
spec ia l i s ed  t o o l  f o r  decisionmaking. However, t h e  s o c i a l  s t r u c t u r e  s t i l l  
r e t a i n s  a g r i p  and ind iv idua l s  here  do not tend t o  chal lenge the  s o c i a l  
ca t egor i e s  or assumptions which surround them. Douglas suggests  t h a t  
t h i s  would be t h e  s e c t o r  for  A r i s t o t l e .  
"Elaborated speech i n  t h i s  case is s t i l l  i n  t h e  s e r v i c e  of the  s o c i a l  
s t r u c t u r e ,  b u t  uses the  phi losophica l  r e f l e c t i o n s  a t  which it has become 
adept  fo r  examining and j u s t i f y i n g  those assumptions." Douglas( 13)  
I n  s e c t o r s  ( C )  and ( D )  t h e  g r i p  of t h e  s o c i a l  s t r u c t u r e  has been 
weakened. Sec tor  ( C )  i s  thought t o  be a t r a n s i t o r y  s t a t e  and ( D )  is an 
area where many people i n  i n d u s t r i a l  s o c i e t i e s  would be found - t h i s  is 
t h e  s e c t o r  f o r  ex i s t en t i a l i sm.  I n  f a c t ,  Douglas suggests  t h a t  i n  modern 
s o c i e t i e s  people are spread between (B)  and ( D I .  
If we th ink  a g a i n  i n  terms of t h e  boundary maintenance c h a r a c t e r i s t i c s  
of cosmologies, then we can envisage a sharp  d i s t i n c t i o n  between (B) and 
( D ) .  With (B), boundaries would appear t o  be well-defined, permanent, and 
mutually supportive.  They would be t h e  sepa ra t e  graded compartments of 
the  whole s o c i a l  s t ruc tu re .  P o s i t i o n a l  c o n t r o l  r equ i r e s  unambiguous 
boundaries, with t h e  s o c i a l  s t r u c t u r e  being perceived a s  a concre te  
r e a l i t y  r a t h e r  than as a provis iona l  man-made en t i t y .  
I n  con t r a s t ,  w i t h  (D) we would f i n d  a readiness  t o  r e v i s e  boundaries; t h e  
only ones t h a t  would be maintained would be those pe r t a in ing  t o  t h e  
r i g h t s  or q u a l i t i e s  of ind iv idua ls .  
The diagram shows that  the  e labora ted  code can be d is t inguished  i n  two 
forms: with p o s i t i o n a l  control it is o r i en ted  towards the  r e l a t i o n s h i p s  
between o b j e c t s  or abstract concepts; with personal  c o n t r o l  i t  is 
o r i en ted  towards t h e  r e l a t i o n s h i p s  between persons. It is i n t e r e s t i n g  t o  
note  that  Douglas locates engineers  i n  s e c t i o n  (B) along w i t h  lawyers 
and t h e  mi l i ta ry .  
"The work of engineers ,  concerned pr imar i ly  with abstract r e l a t i o n s  
between material ob jec t s ,  does not  lead  them t o  use t h e  e l abora t e  code 
t o  ref lect  c r i t i c a l l y  on the  na tu re  of s o c i a l  re la t ions."  Douglas (14 )  
Now, these  suggest ions concerning engineers  are r e l evan t  t o  our a n a l y s i s  
because they lead  t o  specu la t ions  about F o r r e s t e r  who of course was 
himself an engineer. Would it be  accu ra t e  t o  say t h a t  F o r r e s t e r  does not 
" r e f l e c t  c r i t i c a l l y "  on t h e  na ture  of soc ie ty?  It is noteworthy t h a t  
many of h i s  c r i t i c s  have charged t h a t  he has a s i m p l i s t i c  view of t h e  
p o l i t i c a l  processes i n  s o c i a l  systems15. Moreover, we have the  evidence 
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of h i s  t h e o r e t i c a l  bel iefs  - e.g. h i s  belief t h a t  systems a r e  real-world 
e n t i t i e s  - which can be seen as t h e o r e t i c a l  r e f r a c t i o n s  of pos i t i ona l  
con t ro l ,  s t r u c t u r e d  by an object-or iented e labora ted  code. 
A f u r t h e r  i l lumina t ion  of why For re s t e r  could be loca ted  i n  (B) can be 
seen by comparing him w i t h  t h e  type of people found i n  (DI. Here are 
people such a s  s o c i a l  sc ien t i s t s  ( inc luding  psychologis ts  and 
an th ropo log i s t s )  and ar t is ts  e tc ;  people who 
" l i v e  by using the  e lebora ted  speech code t o  review exis t ing  ca t egor i e s  
of thought. To chal lenge received ideas  is t h e i r  very bread and 
butter...The profess ions  which dea l  w i t h  the  expression of personal  
f e e l i n g s  ra ther  than a b s t r a c t  p r i n c i p l e s  are a l s o  found here. T h i s  is 
t h e  square i n  which ideas  about mora l i ty  and t h e  s e l f  g e t  detached from 
t h e  s o c i a l  structure. ' '  (16) 
O f  course r e f e r r i n g  t o  cosmological d i f f e rences  amongst t h e  professions 
begs ques t ions  about education. It is the re fo re  use fu l  t o  note  t h a t  
Berns te in  moved on from l i n g u i s t i c  codes t o  develop the  idea of 
educa t iona l  codes - which also s e t  c o n s t r a i n t s  upon thought and p e r s i s t  
beyond the  school i n t o  the  ch i ld ' s  p ro fes s iona l  l ife.  ( T h i s  is something 
we s h a l l  r e t u r n  t o  later.) Indeed, although we have been t a l k i n g  about 
family c o n t r o l  systems, t h i s  has only been a means of i l l u s t r a t i n g  how 
t h e  s o c i a l  bond between ind iv idua l s  may be c o n s t i t u t e d  i n  more genera l  
soc ia1 context  s. 
"For each type of family t h e r e  is its necessary manner of va l ida t ing  
coerc ive  demands. For each d i s t i n c t  type of soc ia l  environment, l ikewise,  
there i ts  i ts  necessary manner of j u s t i f y i n g  coercion. Through t h e  
c l a s s i f i c a t i o n s  used, t h e  f u r n i t u r e  of t h e  universe  is turned i n t o  an 
armoury of control. I n  each social  system human s u f f e r i n g  is explained 
i n  a way t h a t  r e in fo rces  the  controls." Douglas (17) emphasis added 
The s o c i a l  bond is a system of c o n t r o l  i n  which t h e r e  are var ious  ideas  
about  what is r i g h t  and wrong, and about t h e  r o l e  of the ind iv idua l  vis-  
a-vis  t h e  s o c i a l  s t r u c t u r e  etc. These i d e a s  are s a n c t i f i e d  by an 
ideology - a cosmology which j u s t i f i e s  t h e  c o n t r o l  system. Taken 
together ,  t hese  f e a t u r e s  mask t h e  power vested i n  t h e  soc ia l  bond and 
t h e  power r e l a t i o n s  wi th in  it. Codes, whether l i n g u i s t i c  or educat ional ,  
are q u a l i t i e s  inherent  i n  t h e  s o c i a l  s t r u c t u r e ;  t h e  range of codes 
available t o  an ind iv idua l  i n  a particular loca t ion  constrains h i s  o r  
he r  range of conceptua l iza t ion  - thus,  the experience of s o c i a l  
re la t ions  sets l i m i t s  on symbolic cogn i t ive  r e l a t i o n s .  
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Douglas has sought t o  gene ra l i s e  Bernstein 's  work, t o  s h i f t  t he  focus 
from family con t ro l  systems t o  the  wider c o n t r o l  sys tems of society.Her  
theory concent ra tes  upon t h e  c o n t r o l  a spec t s  of cosmologies, so for the  
moment we can leave aside the  ideas  about how t h e  media of con t ro l  vary 
and come back t o  them later. Douglas focuses  upon a comparison of 
con t ro l  systems which c o n t r a s t s  a personal  form - unstructured by f ixed 
p r i n c i p l e s  - w i t h  a system t h a t  i s  equiva len t  t o  t h e  p o s i t i o n a l  family 
of t h e  code-control scheme. 
"We can concentrate ,  i t  seems, upon t h e  i n t e r a c t i o n  of i nd iv idua l s  
wi th in  two s o c i a l  dimensions. One is order ,  c l a s s i f i c a t i o n ,  t h e  symbolic 
system. The o the r  is pressure,  t h e  experience of having no option b u t  t o  
consent t o  the  overwhelming demands of o the r  people." (18) 
The two dimensions are r e f e r r e d  t o  t o  as 'gr id '  and 'groupt respec t ive ly .  
G r i d  is a property of t h e  shared c l a s s i f i c a t i o n s  of s o c i e t y  t h a t  bond 
ind iv idua l s  t o  it, and group s i g n a l s  t h e  s o c i a l  p ressures  t h a t  impinge 
upon each ind iv idua l .  The grid-group diagram is depicted i n  Figure(2).  
A c l a s s i f i c a t i o n  system may def ine  t h e  whole of ex i s t ence  or only a 
s e l e c t i v e  p a r t  of it. The absence of c l a s s i f i c a t i o n  r ep resen t s  
confusion, "rulelessness" .  The greater t h e  degree of c l a s s i f i c a t i o n  i n  
t h e  s o c i a l  environment, t he  more s t a b l e  it may tend t o  be. The g r i d  
dimension refers t o  the  degree of rank or scope of shared c l a s s i f i c a t i o n  
systems. 
Hierarch ica l  groups where rank and c l a s s i f i c a t i o n s  are very e x p l i c i t  
are high g r i d  - e.g. a m i l i t a r y  regiment or a bureaucracy. A t  low g r i d  
t h e r e  may be competing systems of c l a s s i f i c a t i o n  descr ib ing  d i f f e r e n t  
a spec t s  of t h e  s o c i a l  f i e l d .  Hence o v e r a l l  coherence i s  low here. 
Al te rna t ive ly ,  t h e r e  may simply be an absence of c l a s s i f i c a t i o n .  The 
group dimension def ines  the  strength of t h e  boundary t h a t  surrounds an 
ind iv idua l  or group. An i s o l a t e d  group which is i n t e r n a l l y  cohesive is 
high group; a fragmented group with uns t ab le  membership is loca ted  more 
towards zero on the ho r i zon ta l  l i n e .  A t  zero t h e  ind iv idua l  is under no 
pressures  from o t h e r s  a t  a l l .  
In t h i s  view g r i d  and group are seen a s  two independent v a r i a b l e s  t h a t  
def ine  s o c i a l  s t ruc tu re .  Cosmology is t h e  dependent v a r i a b l e  and the  
d i f f e r e n t  ways i n  which g r i d  and group r e i n f o r c e  each o the r  gives rise 
t o  d i f f e r e n t  cosmologies. 
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"Sh i f t i ng  from l e f t  t o  r i g h t ,  t h e  view of t h e  universe  becomes 
progress ive ly  less benign. The world is l e s s  f r i e n d l y ;  a more p u n i s h i n g ,  
d i f f i c u l t  place t o  surv ive  in...From top  t o  bottom, false appearances 
begin t o  emerge as we move down. Diverse c l a s s i f c a t i o n s  compete. There i s  
less coherence. A gap between r e a l i t y  and formal appearance is observed. 
In a t r i b a l  soc i e ty ,  a man w i l l  worry whether h i s  neighbours are what 
they seem, honest humans, or man-eating witches i n  disguise .  Among 
ourselves ,  phi losophers  become dubious about t h e  p o s s i b i l i t y  of 
knowledge of t h e  e x t e r n a l  world...So the re  we are...our minds s t ruc tu red  
by t h e  cosmologies which are generated by t he  ways we dea l  w i t h  one 
another,  our  ca t egor i e s  r e in fo rc ing  our s o c i a l  choices." Douglas (19 )  
Within t h e  diagram Douglas d i s t ingu i shes  between fou r  d i f f e r e n t  s o c i a l  
environments and t h e i r  corresponding cosmologies: 1 )  high group/low g r i d  
(small group); 2 )  high group/high g r i d  (high c l a s s i f i c a t i o n ) ;  3 )  low 
group/high g r i d  ( in su la t ed ) ;  4 )  low group/low g r i d  ( i n d i v i d u a l i s t ) .  
Examples of these are as follows: 
1) s o c i a l  s t ruc tu re :  i s o l a t e d  groups without a c l e a r  d i s t i n c t i o n  of ro les ,  
strong boundary between i n s i d e r s  and outs iders .  
cosmology: dualism, preoccupied with t h e  idea  of good versus  e v i l  - 
p o l l u t i o n  conscious 
2) social  structure: m i l i t a r y ,  aristocratic, or bureaucra t ic  systems; g r i d  
s t r o n g l y  i d e n t i f i e d  with t h e  s o c i a l  body, a clear category of rejects 
c o s s ì o l o q  pious, r i tua l i s t ic  towards a u t h o r i t y  and i t s  symbols, be l i e f  
i n  a punishing mral universe 
3 )  s o c i a l  s t ruc tu re :  s e c t i o n s  of i n d u s t r i a l  s o c i e t y  where people are 
oppressed by a g r i d  of impersonal rules - they have no choices  and the  
wider  s o c i e t y  o f f e r s  no rewards, they are insu la t ed  from o t h e r  people 
cosmology: eclectic, i n s u l a t i o n  l i m i t s  social experience and the re fo re  
t h e  t h e o r e t i c a l  e l abora t ion  of t h e  concepts  of nature and t h e  self is 
impoverished 
4 )  s o c i a l  structure: h igh ly  competi t ive i n d i v i d u a l i s t i c  environments; no 
f ixed  cogn i t ive  or social  boundaries 
cosmology: humans experienced as anonymous and merciless; time is  an 
ind iv idua l  resource t h a t  is always in s h o r t  supply; r u l e s  are 
a b a a c t i o n s  which govern ind iv idua l  t r a n s a c t i o n s  
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TüE RESPONSE TO BNOIULLIES AND TüOüGöT STYLñ 
One p a r t i c u l a r l y  i n t e r e s t i n g  f e a t u r e  of cosmologies i s  the  d i f f e r e n t  
c h a r a c t e r i s t i c  ways i n  which people may respond t o  anomalies. Anomalies 
a r e  o b j e c t s  or e v e n t s  t h a t  do not f i t  i n t o  our usual  systems of 
c l a s s i f i c a t i o n ;  t h e y  present  a threat t o  our cogni t ive  coherence and 
secu r i ty .  
" In  a chaos of s h i f t i n g  impressions, each of us cons t ruc t s  a s t a b l e  
world i n  which o b j e c t s  have recognisable  shapes, are loca ted  i n  depth, 
and have permanence. In perceiving we a r e  bui lding,  tak ing  some cues 
r e j e c t i n g  others .  The most acceptab le  cues are those which f i t  most 
e a s l i y  i n t o  the  p a t t e r n  t h a t  is being b u i l t  up. Ambiguous ones tend t o  be 
treated as if t h e y  harmonised wi th  t he  rest  of the  pa t te rn .  Discordant 
ones tend t o  be rejected." Douglas ( 2 0 )  
So f a r  we have been concerned with t h e  content  of a cosmology but now we 
must  cons ider  i ts form or the  s t y l e  of thought. Following BloorZ1, we 
w i s h  t o  cons ider  thought s t y l e  i n  a methodological perspec t ive  and i n  
t h e  case of SDG we w i l l  r e f e r  t o  t h e i r  approach t o  modelling and 
response t o  anomalies. The s t y l e  of a cosmology - thought s t y l e  - is  
related t o  t h e  system of boundaries and c l a s s i f i c a t i o n s  by which our 
cogn i t ive  f i e l d  is put toge ther  and our view of t h e  universe  mapped out. 
Anomalies may th rea t en  t o  break down t h e  sacredness  of those boundaries 
and hence w e  can see t h a t  it i s  t h e  na ture  of the  boundaries t h a t  
determines t h e  range of response t o  anomalies. 
Anomalies may come i n  many forms; an animal t h a t  does not f i t  i n t o  the  
local taxonomy; po l lu t ion  or d i r t ;  a deviant  who d i s r ega rds  the  moral 
norms of some p a r t i c u l a r  group; or as B l o o r  has argued, even a 
counterexample t o  a mathematical theorem. If we r e t u r n  t o  Douglas' four  
cosmological types w e  f i n d  an i n t e r e s t i n g  range of responses t o  
anomalies. F i r s t l y ,  with small groups, we f i n d  p o l l u t i o n  conscious t r ibes  
where people are cons t an t ly  prone t o  fears of e v i l .  The lack  of 
s t r u c t u r e  in t h e i r  s o c i a l  environment l eads  t o  a pervasive dread of 
anomaly; he re  we o f t e n  observe s t rong  not ions  of taboo. Secondly, with 
high c l a s s i f i c a t i o n ,  t h e  s t rong  g r i d  provides f o r  a d i s t i n c t  category of 
r e j e c t s  - those who break t h e  moral rules. The e l a b o r a t e  na tu re  of t he  
g r i d  a l s o  allows the  redef in ing  of boundaries, hence anomalies can be 
e a s l i l y  ad jus ted  or  excluded. Thirdly,  we have t h e  in su la t ed  cosmology 
where the high degree of i n s u l a t i o n  means t h a t  anomalies pose no serious 
t h r e a t  and e x i s t  comfortably a longs ide  of t h e  publ ic  categories. L a s t l y ,  
w i t h  t he  i n d i v i d u a l i s t  cosmology, t h e r e  are no s tab le  s o c i a l  ca tegor ies  
because boundaries can be cons t an t ly  made and broken. Hence, t h e r e  are no 
s t a b l e  cogni t ive  ca t egor i e s  and so  anomalies are t h e  b a s i s  for  
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innovation and novelty.  
A t  t h i s  point  it would seem appropr i a t e  t o  p u l l  toge ther  t he  threads  of 
our argument concerning t h e  na ture  of cosmologies. A cosmology is a 
system of knowledge about how t h e  universe  is construed; it has a 
p a r t i c u l a r  s t y l e  of thought a s soc ia t ed  w i t h  it and t h i s  is governed by a 
system of c l a s s i f i c a t i o n s  and t h e  boundaries which de l imi t  them. Its 
content  includes b e l i e f s  about the  r e l a t i o n s h i p  between the  s e l f  and 
soc ie ty ,  nature ,  knowledge and time e tc .  Corresponding t o  s t y l e  of 
thought, each cosmology is cha rac t e r i s ed  by a d i s t i n c t i v e  response 
towards anomalies - t h e  o b j e c t s  or even t s  which t r ansg res s  t h e  system of 
boundaries and c l a s s i f i c a t i o n s .  Cosmologies are co r re l a t ed  w i t h  
s p e c i f i c  types of s o c i a l  s t r u c t u r e s ,  and t h e i r  unspoken assumptions 
concerning the  u l t ima te  na tu re  of t h e  cosmos are the  source of a 
l eg i t ima t ing  ideology which j u s t i f i e s  t h e  p a t t e r n  of s o c i a l  relations 
wi th in  each s o c i a l  environment. Cosmologies are a r t i c u l a t e d  i n  language 
and are therefore cons t ra ined  by l i n g u i s t i c  and educa t iona l  codes which 
are q u a l i t i e s  i nhe ren t  i n  t h e  s o c i a l  s t ruc tu re .  
I n  t h e  following sec t ion  we w i l l  d i s c u s s  some of t he  problems a s soc ia t ed  
w i t h  t h e  grid-group theory  before  going on t o  undertake a comparative 
cosmological a n a l y s i s  between t h e  System Dynamics Group and a se l ec t ed  
c o n t r o l  group. Our aim w i l l  be t o  c h a r a c t e r i s e  t h e  shared cosmology of 
t h e  system dynamicists and apprehend i ts  s ign i f i cance  f o r  t h e  
development of t h e i r  knowledge. For ins tance ,  given the  importance of 
t he i r  conception of na ture  wi th in  t h e i r  outlook, we wish t o  enquire  as 
t o  whether it is rooted i n  t h e i r  micro-social  environment - i n  o the r  
words, does t he i r  view OP na tu re  r ep resen t  a symbolic expression of t he  
s o c i a l  l oca t ion  i n  which they f i n d  themselves? 
A comparative approach is necessary because of course t h e  four  'ideal 
types' of s o c i a l  environment and cosmology have a l i m i t e d  p r a c t i c a l  
u t i l i t y :  i t  i s  not poss ib le ,  f o r  example, t o  s ta te  t h a t  a s p e c i f i c  group 
is high c l a s s i f i c a t i o n  per  se, but  only t h a t  it is high i n  comparison t o  
some o ther  group. Cont ras t ing  t h e  d i f f e r e n c e s  i n  cosmological content  
and thought s t y l e  between SDG and a c o n t r o l  group, we w i l l  invoke the  
grid-group theory t o  expla in  them i n  terms of d i f f e rences  i n  t h e i r  
r e spec t ive  s o c i a l  experiences.  
1.1.4 PROBLEMS VITB TüE GRID-GROüP ïüBEORT 
It would seem fair  t o  say t h a t  t h e  grid-group theory is regarded as a 
promising but nonetheless  c o n t r o v e r s i a l  con t r ibu t ion  t o  t h e  sociology 
of knowledge. There are a number of reasons which may be  suggested a s  
cont r ibu tory  f a c t o r s  i n  t h i s  and it is worthwhile d iscuss ing  some of 
them here. 
F i r s t l y ,  a c a r e f u l  reading of Douglas' w r i t i n g s  shows t h a t  her theory has 
s h i f t e d  i t s  t h e o r e t i c a l  locus; from essent ia l ly  Durkheimean ideas  
concerning c o l l e c t i v e  r ep resen ta t ions  and isomorphic in te rconnec t ions  
between s o c i a l  and n a t u r a l  orders ,  she has moved more towards the  s o c i a l  
interests s i d e  of t h e  t h e s i s  i n  which t h e  focus is on t he  usage of t h e  
n a t u r a l  o rder  a s  a resource f o r  l eg i t ima t ing  s o c i a l  i n s t i t u t i o n s .  In h e r  
e a r l i e r  work, p a r t i c u l a r l y  Natural Symbols, where the  grid-group theory 
was enmeshed wi th  t h e  ideas of Bernstein,  cosmologies appeared a s  
c o l l e c t i v e  phenomena which cons t ra ined  thought - t he  c o n s t r a i n t s  being 
generated by s o c i a l  r e l a t i o n s .  However, w i t h  t h e  advent of Cu l tu ra l  Bias 
w e  f i n d  a preoccupation with the  "negot ia t ing  ind iv idua l"  i n  which 
cosmology i s  conceptual ised i n  much more f l u i d  terms: changing social 
experience is quickly followed by changing cosmology. The problems 
involved i n  t h i s  t h e o r e t i c a l  s h i f t  are compounded by the  f a c t  t h a t  
Douglas has  not  sought t o  r e f l e c t  on it, nor has she set  t h e  development 
of h e r  work i n  context. 
The earlier formulat ion allowed g r e a t e r  account t o  be taken of 
t r a d i t i o n ,  both a t  t h e  s o c i a l  level  of value o r i en ta t ions ,  allegiances 
and commitments, and at  a cogn i t ive  l e v e l  i n  terms of t h e  pe r s i s t ance  of 
codes. Bernstein 's  arguments about t h e  coding and t ransmission of 
educa t iona l  knowledge is supported by Douglas he r se l f  when she contends 
t h a t  t h e  p a t t e r n i n g s  of re levances and r e l a t i o n s  which a r e  l e a r n t  as 
p a r t  of t h e  curr iculum are carried beyond t h e  classroom and through 
life22. Now whi l s t  we do not wish t o  subscr ibe  t o  a de te rmin i s t i c  f i x i t y  
which does not  allow for ,  and indeed cannot accomodate s o c i a l  change, we 
feel  t h a t  some compromise must be s t ruck  between Douglas' o r i g i n a l  and 
later pos i t ions .  Ce r t a in ly  for  those  i n d i v i d u a l s  who have had exposure 
t o  a v a r i e t y  of c o n t r a s t i n g  s o c i a l  environments we can perceive t h e  
p o s s i b i l i t y  of t h e  almost instrumental manipulation of cosmological 
elements in t h e  fu r the rance  and l eg i t ima t ion  of s p e c i f i c  i n t e r e s t s .  
However, l i n g u i s t i c  or educa t iona l  codes are c h a r a c t e r i s t i c s  of 
cogni t ive  s t r u c t u r i n g  and performance which can not change so eas i ly .  
For example, imagine how d i f f i c u l t  it is f o r  someone t r a i n e d  i n  say 
phys ics  ( e s p e c i a l l y  wi th in  t h e  h ighly  s p e c i a l i s e d  B r i t i s h  educa t iona l  
system) t o  change d i r e c t i o n s  as i t  were and become a h i s to r i an ,  or f o r  an 
artist to  become a mathematician. Such t ransi t ions w i l l  have 
impl ica t ions  i n  terms of s h i f t i n g  cosmological percept ions but  they 
w i l l  b e  accomplished only after much e f for t ,  unlearning and re learn ing .  
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Secondly, both Douglas and a number of h e r  i n t e r p r e t e r s  have apparent ly  
def ined and u t i l i s e d  the  concepts of g r i d  and group i n  r e l a t ed  b u t  
nonetheless  d ivergent  ways. A t  t imes it i s  not  c l e a r  whether  t h i s  is due 
t o  t h e  lack  of evidence concerning a p a r t i c u l a r  case where t h e  theory 
has  been appl ied ,  and consequently g r i d  and group have only been used t o  
designate previously known aspec t s  of s o c i a l  context.  Caneva and 
Rudwick, f o r  example, brought t h e  theory t o  bear on materials they were 
a l ready  cognizant ~ i t h ~ 3 , 2 ~ .  Other s h i f t s  i n  t h e  usage of t hese  concepts 
can be seen i n  t h e  ques t ionnai re  o r i en ted  empir ica l  t h r u s t  developed by 
Hamp to&. 
In t h e  programmatic Natural  Symbols, g r i d  is defined as t h e  "scope" or 
"degree of rank" of shared classifications,  i t  is t h e  t torder" inherent  
i n  t h e  symbolic system. However, i n  Cu l tu ra l  Bias w e  f i n d  t h a t  g r i d  is 
descr ibed as a *'cross-hatchfl of rules, and a set  of insulations.Moving 
on t o  Caneva,we can observe t h a t  i n  h i s  framework, g r i d  
"measures the  ex ten t  t o  which people c l a s s i f y  themselves according t o  
s o c i a l l y  ob jec t iva t ed  roles and are then con t ro l l ed  by an appeal t o  
behavior appropr i a t e  t o  a given role." ( 2 6 )  
Parallel t o  t h i s  d i v e r s i t y  i n  t h e  i n t e r p r e t a t i o n  of gr id ,  we f ind  a 
range of r e f e r e n t s  in t h e  use of group. For ins tance ,  Bloor used 
u n i v e r s i t y  settings as t h e  r e f e r e n t s  of soc ia l  environment i n  which t o  
locate t h e  mathematicians he s tudied;  i n  o the r  words, group was taken t o  
be t h e  i n s t i t u t i o n a l  academic bodies wi th in  which t h e  d i f f e r e n t  
mathematicians resided.  Others, such as Caneva, s t r e t c h e d  t h e  concept of 
group t o  cover t h e  s o c i a l  environment wi th in  p a r t i c u l a r  na t iona l  
contexts .  
"German s o c i e t y  wi th in  which these  ind iv idua l s  came t o  matur i ty  a 
r e l a t i v e l y  s t a b l e ,  h ighly  d i f f e r e n t i a t e d  s o c i e t y  with t h e  ind iv idua l  
well i n t e g r a t e d  i n t o  the  s o c i a l  f a b r i c  v i a  h i s  p a r t i c u l a r  corporate  
identity." (27) 
Because of t h i s  range i n  the  usage of concepts  in t h e  case s t u d i e s  
wi th in  which grid-group theory has been appl ied  it is d i f f i c u l t  t o  
cons t ruc t  an o v e r a l l  p i c t u r e  of e i t h e r  its development or s t a t u s  i n  
terms of empir ica l  corroboration. Thus, i t  is evident  t h a t  t h e  concepts 
of g r i d  and group are not es tab l i shed;  g r i d  is not  theory  dependent but ,  
r a the r ,  it is  an i n t u i t i v e  construct. Therefore,  given a reasoned 
pos i t i on ,  w e  can choose an o p e r a t i o n a l i z a t i o n  of these  concepts  which 
matches t h e  requirements of our analysis .  
80 
In t h e  case o f  t h e  system dynamicists we are i n t e r e s t e d  i n  t h e i r  
p ro fes s iona l  cosmology and w e  take group t o  be  t h e  System Dynamics Group 
wi th in  t h e  i n s t i t u t i o n a l  s e t t i n g  of MIT. As f o r  g r id ,we  p r e f e r  t o  retain 
t h e  more a b s t r a c t  and genera l  d e f i n i t i o n  s e t  ou t  i n  Natural  Symbols. Our 
reasoning is as follows: t h i s  genera l  l e v e l  is such t h a t  each o f  t h e  
p a r t i c u l a r  conceivable  r e f e r e n t s  of g r id  such as r o l e  d i f f e r e n t i a t i o n ,  
r u l e  governed behaviour, hierarchy etc., may be  considered as dimensional 
variables which i n t e r r e l a t e  t o  set the  o v e r a l l  value o f  g r i d  (which  is 
therefore considered t o  be a multidimensional cons t ruc t ) .  We would argue 
t h a t  t h e  des igna t ion  o f  g r i d  as multidimensional is usefu l  because i t  
may be a mistake t o  assume t h a t  it was some simple a d d i t i v e  func t ion  of 
each r e f e r e n t  - as i m p l i c i t l y  assumed on occasion by Bloor and 
Hamp ton28 p 2 9 .  
This  view of g r i d  has  the  f u r t h e r  advantage t h a t  it allows the  
s p e c i f i c i t y  of each s o c i a l  l oca t ion  t o  remain i n  focus. Rather than 
b l u r r i n g  t h e  ' i nd iv idua l i t y '  and p a r t i c u l a r i t i e s  of each s o c i a l  context  
beneath t h e  r i g i d i t y  of a single formula, i t  requ i r e s  u s  t o  allow f o r  the  
d i f f e r e n t i a l  weighting t h a t  each dimension may take in any given s o c i a l  
environment. The o v e r a l l  na ture  of an environment is  what counts  i n  t h e  
l as t  in s t ance  (i.e. whether it is high or low g r i d )  but a 
multidimensional construct prevents  t h e  prejudging of what is t o  be 
taken as t h e  most important  i n d i c a t o r  of g r i d  f o r  any p a r t i c u l a r  
context.  T h i s  impl ies  t h a t  we do not support  t h e  use of  ques t ionnai res  
as i n d i c a t o r s  of g r i d  - at least not  in i so la t ion  and c e r t a i n l y  not i f  a 
s imple scalar measure is employed. 
To i l l u s t r a t e  t h e  p o t e n t i a l  u t i l i t y  of t h i s  more cau t ious  approach w e  
may cons ider  the fol lowing example. Suppose one considered the  
h i e r a r c h i s a t i o n  of tuo  i n s t i t u t i o n s  by looking a t  t h e  formal s t r u c t u r e  
o f  s t a t u s  p o s i t i o n s  wi th in  each i n s t i t u t i o n a l  hierarchy - information 
on such structures being commonplace f e a t u r e s  of un ive r s i ty  
prospectuses  o r  yea r ly  reports .  The problem involved in such a 
comparison of gr iddedness  is t h a t  it is d i f f i c u l t  t o  know whether t he  
h ie rarchy  has an impact upon each ind iv idua l  w i th in  an organiza t ion  or 
whether t h e r e  are pockets of ind iv idua l s  or sub-groups who largely 
escape the  formal channels of decisionmaking and t h e  publ ic  g r i d  of 
r u l e s  which support  them. W e  are not th inking  here  of those a c t o r s  who 
occupy p o s i t i o n s  at  t h e  upper l e v e l s  of such h i e ra rch ie s ,  who wield 
power through t h e  organizational rules and classifications,  so much as 
social context i n  which the  overt statuses are l i t t l e  respected. What we 
are d r i v i n g  a t  i s  that one must d i s t i n g u i s h  between t h e  'object ive '  
i n s t i t u t i o n a l  s t r u c t u r e  of statuses and hierarchy, and the  a c t u a l  
those who ignore  or operate ou t s ide  the  ru l e s ,  o r  those who occupy a 
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s u b j e c t i v e  manner i n  which they  a c t u a l l y  impinge upon d i f f e r e n t  groups 
or i n d i v i d u a l s .  The  problems impl ied  by t h i s  may be p a r t i c u l a r l y  acute 
f o r  t h o s e  cases i n v o l v i n g  h i s t o r i c a l  material i n  which  such  a 
d i s t i n c t i o n  may be hard  t o  i n v e s t i g a t e .  (We w i l l  have t o  r e t u r n  t o  t h i s  
p o i n t  when we d i s c u s s  t h e  i n s t i t u t i o n a l  se t t ing  of SX.) 
We should  a l s o  n o t e  t h a t  s u p p o r t  f o r  o u r  p o s i t i o n  can be found i n  
Douglas' own compara t ive  a n a l y s i s  where i t  is r e p o r t e d  t h a t  t h e  d i v i s i o n  
between t h e  sexes i n  an o t h e r w i s e  weak boundary c u l t u r e  - t h e  Hadza - 
has i m p o r t a n t  c u l t u r a l  r a m i f i c a t i o n s .  I n  o t h e r  words, t h i s  p a r t i c u l a r i t y  
o f  t he  Hadza, i n  c o n t r a s t  t o  t h e  Mbuti pygmies, r e q u i r e s  a f l e x i b l e  
approach  t o  g r i d ;  t h e  o v e r a l l  b i a s  of Hadza c u l t u r e  is towards low g r i d  
b u t  t h e  impor tance  of t h i s  s p e c i f i c  soc ia l  d i s t i n c t i o n  can n o t  be 
overlooked i f  one wants  t o  unders tand  t he i r  c u l t u r e .  T h i s  i m p l i e s  t h a t  
t h e  w e i g h t i n g  one might a s c r i b e  t o  t h e  symbolic  d i v i s i o n  of t h e  sexes - 
which is one p o s s i b l e  r e f e r e n t  o f  g r i d  - w i l l  depend on the  o t h e r  
r e f e r e n t s  and t h e r e f o r e  t h e  p a r t i c u l a r  context  i n  ques t ion .  
The r e l e v a n c e  of t h i s  for our own s t u d y  is t h a t  small d i f f e r e n c e s  i n  
g r i d  or group can have s u b s t a n t i a l  s i g n i f i c a n c e  f o r  t h e  comprehension o f  
d i f f e r e n t  cosmologica l  systems. Compared to  c e r t a i n  p r e - l i t e r a t e  
p e o p l e s  t h e  cosmologica l  d i f f e r e n c e s  between some sc i en t i f i c  g r o u p s  in 
w e s t e r n  societies may appear  q u i t e  small. However, w e  are n o t  concerned 
w i t h  s u c h  a comparison but  ra ther  one between d i f f e r e n t  w e s t e r n  groups  
and we s e e k  t o  e x p l a i n  d i v e r g e n c e s  i n  t h e i r  cosmologies  by r e f e r e n c e  t o  
p o s s i b l y  small d i f f e r e n c e s  i n  g r id  and group. Given the s p i r i t  o f  t he  
compara t ive  method set o u t  by Douglas our i n t e n t i o n s  are n o t  i n  
d i s s o n a n c e  - i n d e e d  t h e y  are i n  keeping  w i t h  t h e  p r o f e s s e d  s u b t l e t y  o f  
t he  whole approach. 
When w e  look a t  t h e  level  of de t a i l  i n  t h e  t h e o r i e s  concern ing  t h e  
nature of s o c i e t y  which are h e l d  by d i f f e r e n t  academic g r o u p s  it would 
be  d i f f i c u l t  t o  e x p l a i n  t h e i r  d i f f e r e n c e s  i n  terms of d i v e r g e n t  
p a r a d i g m  or problemat ics ;  or for t h a t  matter to  a r g u e  t h a t  sys tem 
dynamics was s imply  e n g i n e e r i n g  a p p l i e d  t o  s o c i e t y .  T h i s  would n o t  s o l v e  
t h e  problem c o n c e r n i n g  t h e  q u e s t i o n  of what characteristics of social 
environment  I n f l u e n c e d  t h e  development of sys tem dynamics. Also, we must 
remember t h a t  s y s t e m  e n g i n e e r i n g  i tsel f  developed i n  a s p e c i f i c  social  
l o c a t i o n  - t h a t  of a m i l i t a r y - i n d u s t r i a l  setting. I n  any case, rather 
t h a n  a d i v e r s i t y  i n  content - e.g. p h y s i c s  o r  engineering - we are more 
i n t e r e s t e d  i n  t h e  d i v e r s i t y  of s t y l e s .  For  example, we want t o  unders tand  
how a s l i g h t l y  h igher -gr idded  s o c i a l  c o n t e x t ,  w i t h  i ts  concomi tan t ly  
greater p r o f u s i o n  of s o c i a l  essences, becomes ' t r a n s l a t e d '  i n t o  a t h e o r y  
c o n t a i n i n g  r e l a t i v e l y  more p l a t o n i c  e s s e n c e s  - o f t e n  w i t h i n  its 
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i m p l i c i t  t h e o r e t i c a l  core, t h e  assumptions upon which i t  s t a n d s  - and 
the re fo re  s u s t a i n s  a d i f f e r e n t  v i ew of t h e  universe  than a contex t  a t  
lower g r id .  
S imi l a r ly ,  i n  r e l a t i o n  t o  group we want t o  i n q u i r e  i n t o  t h e  process  by 
which a s l i g h t  i nc rease  i n  group dependence - forced from wi th in  or 
without - can s h i f t  the  cen t r e  of g r a v i t y  of a theory such t h a t  i t  
becomes defended i n  a manner which could have been considered 
unthinkable  e a r l i e r  and in which a c t o r s  seemingly i n f r i n g e  elements of 
t h e i r  previously s t a t e d  methodological pos i t ions .  P u t  another way, we 
want  t o  cons ider  t he  p o s s i b i l i t y  t h a t  Small changes i n  group (a  
s t rengthening  of t h e  boundary between t h e  establ ished and the  
o u t s i d e r s )  have the  effect  of enhancing t h e  t h r e a t  of anomalies or 
monsters - t h i s  w i l l  be p a r t i c u l a r l y  important when w e  come t o  cons ider  
how SDG responded t o  criticisms of t h e i r  work. These points  b r i n g  us t o  
more fundamental problems; f o r  i n  a d d i t i o n  t o  t h e  s h i f t i n g  t h e o r e t i c a l  
o r i e n t a t i o n  and d ivergent  - though r e l a t e d  - uses of the  conceptual 
terms of Douglas' theory  we must  a l s o  cons ider  t h e  l imi t a t ions  which a r e  
inhe ren t  i n  t h e  whole approach. Severa l  criticisms have been a r t i c u l a t e d  
i n  'Essays i n  t h e  Sociology of Perception'  and elsewhere 3°931,32,but we 
w i l l  only focus  on those d i f f i c u l t i e s  which are judged t o  have 
p a r t i c u l a r  re levance t o  our own study. 
The most s ignif icant  problem would appear t o  be its r a t h e r  s t a t i c  
framework and t h e  consequent lack  of depth concerning t h e  n a t u r e  and 
causes  of s o c i a l  change. I t  provides t h e  b a s i s  for recognizing changes 
i n  cosmology i n  r e spec t  of changes i n  s o c i a l  context but does not 
d i r e c t l y  address  t h e  mechanisms which, say, push a group towards higher 
g r i d  or group. There are however cer ta in  c lues  or h i n t s  as t o  what is  
involved i n  such changes but a s u b s t a n t i a l  t h e o r e t i c a l  caveat  remains. 
Of course t h e  concept of social change i t s e l f  is  problematic, 
p a r t i c u l a r l y  with regard t o  class-based, s t r a t i f i e d  cu l tures .  Indeed, 
very  d i s p a r a t e  processes  may be involved depending upon t h e  s o c i e t a l  
r e s o l u t i o n  and time scale i n  which we are in t e re s t ed .  I n  t h i s  t h e s i s  we 
are i n t e r e s t e d  i n  any short-term changes such as might be nascent  i n  the 
debate  between SDG and i t s  critics; p a r t i c u l a r l y  i n  view of t h e  f ros ty ,  
if not openly h o s t i l e  recept ion  meeted ou t  t o  system dynamics i n  various 
c i r c l e s  and organs of more e s t ab l i shed  d i s c i p l i n e s  wi th in  the 
s c i e n t i f i c  community. We are a l s o  i n t e r e s t e d  i n  the  development of 
system dynamics i n  r e l a t i o n  t o  t h e  very formation of SDC and the 
processes thereby implicated.  To pursue t h i s  l ine  of enquiry we w i l l  
have t o  expand upon Douglas' c lues  and hypothesize about t h e  na ture  of 
t h e  processes  involved. 
Despite the  d i f f i c u l t i e s  of theory and i n t e r p r e t a t i o n  a r i s i n g  from t h e  
problems concerned i n  conceptua l iz ing  these  t y p e s  of changes c e r t a i n  
advantages may accrue. For ins tance ,  it would c o n s t i t u t e  t h e  add i t ion  of 
a long i tud ina l  element t o  our  a n a l y s i s  and would the re fo re  b u t t r e s s  t he  
case a g a i n s t  those cr i t ics  who might suggest t h a t  t he  d i f f e rences  
between SDC and our c o n t r o l  group a r e  loca ted  i n  f a c t o r 3  not addressed  
by t he  theory. T h i s  is perhaps p a r t i c u l a r l y  advantageous i n  view of t h e  
f a c t  t h a t  t h e  theory is r a t h e r  s e n s i t i v e  t o  charges t h a t  i t  l acks  
d e t a i l e d  empir ica l  corroborat ion.  It should however be clear t h a t  our 
con t r ibu t ion  i n  t h i s  d i r e c t i o n  is more concerned w i t h  e s t a b l i s h i n g  the  
consis tency of our a n a l y s i s  here and not with the  s u b s t a n t i a t i o n  of t he  
grid-group theory i tself .  
4.2 COMPARATIVE MEïüOD 
12.1 CRûIcB OF CONTROL GROW 
Before our comparative method can be c a r r i e d  o u t  we need t o  d i scuss  the  
problems which are indigenous t o  t h e  choice of a c o n t r o l  group and the  
reasons f o r  t he  p a r t i c u l a r  s e l e c t i o n  made here. There are many poss ib l e  
groups with whom S E  could be compared and a l l  would d isp lay  
similarities and d i f fe rences .  Following t h e  axiom t h a t  everything is 
both similar t o  and d i s s i m i l a r  t o  everything else, no a p r i o r i  choice of 
c o n t r o l  group can e x i s t  - t h e r e  w i l l  be both advantages and 
disadvantages i n  whatever choice  is a c t u a l l y  made and our s e l e c t i o n  must 
t he re fo re  a t  least be based on a s u b s t a n t i a l  argument. 
If  we took any two given groups it would be poss ib l e  t o  compile a 
formidable inventory  of f a c t o r s  - s o c i a l ,  r e l i g i o u s ,  p o l i t i c a l ,  economic 
and ecologica l  - which could a l l  have a bear ing upon t h e  b e l i e f s  held by 
them. However, t h e  whole crux of Douglas' theory  rests upon the  claim 
t h a t  it is cross-cul tural :  that  is, it purpor t s  t o  reveal s p e c i f i c  
p a t t e r n s  of soc ia l  relations which may arise i n  d i f f e r e n t  contex ts  but 
which are j u s t i f i e d  by similar sets of b e l i e f s  about man and the  cosmos. 
However, i n  order  t o  argue t h a t  d i f f e r e n c e s  i n  in te rgroup b e l i e f s  are 
due t o  d i f fe rences  i n  g r i d  and group, t h e  groups i n  quest ion should be 
comparable. For example, i n  Douglas' own test cases  she s e l e c t s  
neighbouring N i l o t i c  t r i bes .  This  is not  a c o n s t r a i n t  of t h e  theory,  
r a t h e r  it is methodological requirement which p e r t a i n s  t o  a l l  cases of 
comparative method. Comparative approaches are bese t  by t h e  problem of 
many v a r i a b l e s  (i.e. sources  of c u l t u r a l  v a r i a t i o n )  combined with only a 
small number of cases. Choosing comparable cases he lps  t o  f i l t e r  out 
extraneous sources  of v a r i a t i o n  but  o the r  poss ib l e  strategies are t o  
i nc rease  t h e  number of cases;  or reduce t h e  property-space by means of 
combining similar ca tegor ies ;  or by cons t r a in ing  t h e  ana lys i s  t o  what 
are considered t o  be  t he  key variables33&35. 
We a r e  i n t e r e s t e d  i n  t h e  p ro fes s iona l  cosmology of SM;  and so t h e  f i r s t  
requirement i n  our choice of c o n t r o l  group is t h a t  i t  should be 
concerned w i t h  similar p ro fes s iona l  ma t t e r s  such a s  modelling socio- 
t echn ica l  systems and pol icy formation. T h i s  requirement should 
circumvent any problems which might a r i s e  due t o  the  g l a r e  of inter-  
p ro fes s iona l  d i f f e rences  and which would n e c e s s i t a t e  a t a sk  beyond t h e  
scope of t h i s  enquiry. Paradoxical ly ,  i t  may be t h a t  i n  seeking t o  choose 
a comparable c o n t r o l  group w e  au tomat ica l ly  restrict  ourselves  t o  
groups w i t h  r e l a t i v e l y  similar grid-group environments - r e l a t i v e  t h a t  
is t o  t h e  d i s p a r i t i e s  evidenced i n  t h e  e thnographic  record. 
A second requirement is t h a t  we should compare sets of beliefs about the  
world as it - is. T h i s  is because groups from d i f f e r e n t  social  l oca t ions  
might well support  similar programmes f o r  s o c i a l  change, a l l  being drawn 
by t h e  l u r e  of a p a r t i c u l a r  a l t e r n a t i v e  cosmology. Therefore we mus t  be 
careful about referring t o  what might be s t a t e d  about wished f o r  social 
arrangements. (The p a r t i c u l a r  bel iefs  w e  are i n t e r e s t e d  i n  include those 
pe r t a in ing  t o  man and society.)  
Thirdly,  the c o n t r o l  group must be a genuine group i n  t h e  sense t h a t  t h e  
ind iv idua l  members g ive  consensus t o  shared publ ic  knowledge - we cannot 
merely compare SDG w i t h  i s o l a t e d  ind iv idua l  u t t e r ances  emanating from a 
source who are only a group i n  name. We can of course allow f o r  intra-  
group v a r i a t i o n  b u t  i t  is t h e  overall s t y l e  of publ ic  knowledge which 
concerns us here. T h i s  l a t te r  poin t  has been s p e l l e d  ou t  by Bloor i n  h i s  
s tudy of mathematicians: 
" Indiv idua l  evidence is always t o  be t r e a t e d  by put t ing  it i n  a context  
where i t s  t y p i c a l i t y  and its con t r ibu t ion  t o  t h e  overall  pa t t e rn  can be 
assessed. This  overall  p a t t e r n  is p r e c i s e l y  t h e  system of boundaries and 
classifications - i t  is the  s t y l e  of knowledge - and t h i s  is what t h e  
theory  is about." (36) 
2.2 CHOICE OF ODUPARâTIVE -3
Douglas' programe for analysing cosmologies appears to have the 
elements; from a t t i t u d e s  t o  old-age and sickness, t o  millenarianism and 
p o t e n t i a l  for addressing an extremely d ive r se  range of c u l t u r a l  
as 
gardening, it o f f e r s  a ka le idescopic  p i c tu re  of cu l ture .  However, t h i s  
very d i v e r s i t y  poses t h e  ques t ion  as t o  what p a r t i c u l a r  c l u s t e r  of 
c u l t u r a l  elements w e  may consider  i n  our comparative a n a l y s i s  - 
espec ia l ly  i f  w e  a r e  t o  f o r e s t a l l  t he  charge t h a t  our choice is 
se l ec t ive .To  answer t h i s  ques t ion  we propose t h e  following points.  
F i r s t l y ,  wi th  comparative ana lyses  i t  is an accepted t a c t i c  t o  s e l e c t  
those variables which a r e  considered t o  be important37. As we a r e  
i n t e r e s t e d  i n  t h e  p ro fes s iona l  cosmology of S E  w e  w i l l  s e l e c t  those 
elements which form c e n t r a l  f e a t u r e s  of t h e i r  outlook. We w i l l  be 
comparing c l u s t e r s  of elements i n  which S E  and the  c o n t r o l  group w i l l  
be c l o s e r  toge ther  on some po in t s  and f u r t h e r  a p a r t  on o t h e r s  - see 
Figure(3 ). 
Secondly, the s e l e c t e d  elements can themselves be regarded as c l u s t e r s  
of sub-elements and we w i l l  t h e r e f o r e  be grouping toge ther  similar 
va r i ab le s  and reducing t h e  property-space. We w i l l  however seek t o  poin t  
out any non-uniformities w i th in  each element. Such d i s p a r i t i e s  should be 
expected because any s e l e c t i o n  of elements - and thus  t h e  sets of sub- 
elements - must be an a r b i t r a r y  one i n  t h a t  t h e  clusters of sub-elements 
are not expected t o  reflect any real sub-divis ions of cul ture .  
Thirdly,  t h e  elements w i l l  have a c e r t a i n  degree of independence and 
the re fo re  any sys temat ic  b i a s  towards higher  or lower grid-group w i l l  be 
a l l  t h e  more persuasive.  
The elements we have chosen are i) response t o  anomaly 2) modelling 3) 
knowledge 4 )  nature 5 )  m a n  and s o c i e t y  6 )  time. The first two w i l l  be 
considered toge the r  as i n d i c a t o r s  of thought s t y l e ,  wh i l s t  t he  remaining 
f o u r  reflect t h e  conten t  of cosmologies. 
In discuss ing  knowledge we w i l l  refer t o  ques t ions  concerning ontology 
and epistemology, both t h e  source and t h e  j u s t i f i c a t i o n  for the 
knowledge which each group subscr ibes  to. The concept of na ture  is  a 
fundamental element of cosmologies: it may be seen as p a r t  of,  or 
sepa ra t e  t o  soc ie ty ,  t o  be venerated or cont ro l led .  Beliefs about man and 
society r ep resen t  o t h e r  fundamental pieces  of t h e  cosmological jig-saw. 
Is man changeable or stat ic ,  i s  h e  a modifier of t h e  ecosystem or only 
one spec ie s  a long with a l l  o the r s?  Last ly ,  - time is  perhaps one of t h e  
more d i f f i c u l t  elements t o  get t o  g r i p s  w i t h  - uniformly immersed i n  
'clock-time' as we are in modern societies. Though we cannot endeavour t o  
t ack le  the  depths  of enquiry undertaken by many a n t h r o p o l o g i s t ~ 3 ~ w e  can 
look a t  the  conception of pas t ,  p resent  and fu ture ,  t h e  temporal ex ten t  
Of ob l iga t ions  and t h e  temporal character of t h e  bynamics pos i ted  i n  
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Note: of course a t  the outset  we d o  not know which is group A 
and which is group B. 
-
sys t em dynamics. 
One reason f o r  t h e  choice of these s i x  elements is t h a t  they p e r t a i n  t o  
the  p ro fes s iona l  out look of SDG. Secondly, there is a pragmatic reason 
too i n  t h a t  more c i t a t i o n s  are a v a i l a b l e  concerning these  elements t h a n  
s a y  f o r  SDG's a t t i t u d e  t o  re l ig ion .  
2.3 SCIEwCa POLICY RESEARCH UNIT 
The c o n t r o l  group which has a c t u a l l y  been s e l e c t e d  is t h e  Science Pol icy 
Research Unit (SPRU) based a t  the  Univers i ty  of Sussex, England. The 
fol lowing po in t s  d i scuss  t h e  reasons for our choice. 
1 )  SPRU and SDG sha re  a number of important p ro fes s iona l  i n t e r e s t s  cen t r ing  
on t h e  nature and f u t u r e  developments of socio- technical  systems and t h e  
problems t h e y  engender - they are p a r t  of t h e  i n t e r n a t i o n a l  s c i e n t i f i c  
community who have focused upon similar s o c i e t a l  and environmental 
i s sues .  I n  p a r a l l e l  w i t h  t h i s  they sha re  a commitment t o  t h e  fur therance  
of policymaking.SPRU profess  t o  take a systems approach i n  t h e  study of 
problems and they are broadly i n t e r d i s c i p l i n a r y ;  they have a considered 
pol icy  of br inging toge ther  n a t u r a l  and s o c i a l  s c i e n t i s t s  t o  work on 
shared p r 0 j e c t s 3 ~ .  L i k e  SDG, they have a l so  experienced an i n f l u x  of 
i n t e r n a t i o n a l  scholars .  
2)  As a c e n t r a l  f e a t u r e  of t h e i r  work we f ind  t h a t  t h e  d e f i n i t i o n  of 
problems and t h e  formation of poss ib l e  pol icy a l t e r n a t i v e s  are 
determined by t h e i r  beliefs about t h e  nature of society:  i n  o t h e r  words, 
t h e i r  work e x p l i c i t l y  ref lects  t h e i r  view of t h e  present. 
3 )  SPRU qua l i fy  as a group i n  so far as they issue j o i n t  papers, r e p o r t s  and 
books, and were also involved i n  t h e  establ ishment  and subsequent 
e d i t i n g  of the jou rna l  Research Policy. We can the re fo re  speak of t he i r  
shared p ro fes s iona l  outlook. Further ,  i n  t h e i r  p r o j e c t  work they are 
arranged i n t o  teams who - at least during t h e  c r i t i q u e  of world 
modelling - were i n  continuous c l o s e  co l labora t ion .  
" In  t h e  e a r l y  years  of t h e  programme a l l  members of t h e  team worked on 
t h e i r  s p e c i a l  assignments with one goal i n  mind: t o  con t r ibu te  t o  a 
major common theme"(40) 
We should also note  t h a t  their l i ve l ihood  as a group depended upon them 
'making a name' f o r  themselves and thus  e s t a b l i s h i n g  an increased 
pos i t i on  of r e spec t  vis-a-vis funding bodies. 
) Like SDC t h e y  have been involved w i t h  ou t s ide  consultancy work, 
inc luding  c o n t r a c t s  w i t h  governmental agencies,  corporat ions and 
i n t e r n a t i o n a l  organizat ions.  Indeed, t h e i r  work on world modelling has 
been funded by similar bodies t o  those which sponsored SIG. 
j )  Both groups engage i n  t h e  teaching of graduates  and undergraduates, i n  
add i t ion  t o  conta in ing  postgraduate  research  programmes. 
5 )  SPRU en tered  i n t o  a p ro fes s iona l  dialogue w i t h  SE. T h i s  stemmed from a 
con t r ac t  i n  which they were requested t o  eva lua te  s y s t e m  dynamics as a 
technique, as well as the  world models. T h i s  dialogue involved meetings 
and t h e  exchange of l e t t e r s  but  t h e r e  were a l s o  formal i n t e r a c t i o n s  a t  
i n t e r n a t i o n a l  conferences and through t h e  media of books and jou rna l  
articles. I t  is ou t  of t h i s  dialogue t h a t  we f i n d  a clear expression of 
the b e l i e f s  held by SPRU and t o  a c e r t a i n  ex ten t  we a l s o  f ind  a 
c l a r i f i c a t i o n  of those sus ta ined  by SDC - i n  o t h e r  words, t h e  exchanges 
made t h e i r  bel iefs  e x p l i c i t .  
Moreover, t h i s  i n t e r a c t i o n  contained not  only t echn ica l  issues but a l s o  
focused on arguments concerning nature, m a n  and soc ie ty ,  and therefore 
h igh l igh ted  the very types  of belief necessary f o r  our comparative 
cosmological i nves t iga t ion .  The fact  t h a t  t h e  dialogue occured a l s o  
l ends  force to our  content ion that  a l though SEC and SPRU are os t ens ib ly  
located i n  d i f f e r e n t  c u l t u r a l  s e t t i n g s  (North America and B r i t a i n )  they 
are p a r t  of an i n t e r n a t i o n a l  s c i e n t i f i c  c u l t u r e  and we are the re fo re  not 
i n  cont ravent ion  of Douglas' methodological strictures. 
O f  course it could be objec ted  t h a t  SPRU's criticisms of SM; do not 
r e a l l y  r ep resen t  shared b e l i e f s  so much as oppor tunis t  responses. T h i s  
chal lenge can be d e a l t  w i t h  by reference t o  SPRU's earlier and later 
work. I n  f a c t ,  they share some cons iderable  e x p e r t i s e  in t h e  very areas 
such as po l lu t ion  and n a t u r a l  resources  which were addressed by SDC and 
the i r  criticims were the re fo re  a genuine r e f l e c t i o n  of their beliefs. 
The threads spun through t h e  dialogue reflect t h e  moves of each group i n  
wishing t o  secure or enhance t h e i r  s t a t u s  and c r e d i b i l i t y ;  we assume 
that  each a r t i c u l a t e d  those bel iefs  which reflected t h e  self-evidence 
i m p l i c i t  w i t h i n  t h e i r  s t y l e  o f  thought, and the re fo re  t h e i r  s o c i a l  
context ,  and used them t o  b u t t r e s s  t h e i r  r e spec t ive  posi t ions.  Later we 
w i l l  see how t h i s  i l l umina te s  t h e  d i f f e rence  between SDC - modellers 
defending t h e i r  in te l lec tua l  products  and sense of proper order  - and 
SPRU, h i r ed  cr i t ics  who seek recourse  t o  a d i f f e r e n t  sense of 
intellectual order .This  is p a r t i c u l a r l y  of interest in view of the  fac t  
t ha t  S E  subsc r ibe  t o  a shared philosophy and methodology - s y s t e m  
aa 
7 )  
1.2.4 
dynamics - w h i l s t  i n  t he  case  of SPRU no such s ing le ,  concise,  rou t in i sed  
approach is t o  b e  found. 
W i t h i n  t h e  dialogue between SPRU and SDG t he re  a rose  arguments 
concerning certain anomalies i n  connection w i t h  the  baheviour of t he  
World 2 model. T h i s  p a r t  of t h e  i n t e r a c t i o n  between the  two groups - 
which we w i l l  r e f e r  t o  as t h e  'backcasting debate' - i l l umina te s  the  
d i f f e rence  i n  s t y l e  of thought and response t o  anomaly which is 
manifested by each group. Indeed, t h e  s h o r t  h i s t o r y  of t h i s  debate w i l l  
form a major p a r t  of t h e  fol lowing comparative ana lys i s ;  wh i l s t  it 
enables  us  t o  apprehend each group's t reatment  of monsters it is a l s o  
s u f f i c i e n t l y  d e t a i l e d  t o  a l low us t o  pinpoint  i nd iv idua l  v a r i a t i o n s  
amongst SDG and the re fo re  suppor t s  t h e  p o s s i b i l i t y  of both ind iv idua l  
- and soc io log ica l  i n t e r p r e t a t i o n s  of t h e  grid-group theory as proposed 
by Bloor'll. 
OTBER POSSIBLE GROUPS 
O t h e r  p o t e n t i a l  candida tes  f o r  t h e  c o n t r o l  group could have been 
i n s t i t u t i o n s  such as t h e  Hudson I n s t i t u t e  or t h e  Rand Corporation but 
these have been r e j e c t e d  f o r  a number of reasons. The  Hudson I n s t i t u t e  
is  a p r i v a t e  think-tank and is perhaps most no tab le  f o r  t h e  work of Kahn, 
an ex-member of Rand and a f u t u r o l o g i s t  whose books and art icles include 
The Next 200 Years, and Year 200042. His work takes  t h e  form of 
p ro jec t ions  concerning l i k e l y  technologica l  developments and 
concomitant specu la t ions  about  t h e  p o t e n t i a l  s o c i a l  ramif icat ions.  It 
t h e r e f o r e  does not meet t h e  e s s e n t i a l  requirement of comparable 
profess iona l  i n t e r e s t s  or prac t i ces .  
Although it is  another  p r i v a t e  think-tank t h e  Rand Corporation is 
perhaps much closer to MïT43. Born ou t  of close co l l abora t ion  between 
t h e  m i l i t a r y  and c i v i l i a n  e x p e r t s  during t h e  Second World War it is 
famous f o r  i t s  pioneering work i n  systems ana lys i s .  Its earlier work i n  
systems engineer ing later gave way to  t h e  predominance of cos t -benef i t  
s t y l e  systems a n a l y s i s  during t h e  1950s but largely remained t i e d  t o  t h e  
study and planning of m i l i t a r y  systems. However, in t h e  1960s certain 
Corporation members d id  look a t  planning in urban and governmental 
systems. 
The aim of Rand systems a n a l y s i s  is t o  devise  a l t e r n a t i v e  techniques or 
i n s t r u m e n t a l i t i e s  by which spec i f i ed  ob jec t ives  can be met. The 
selection of any p a r t i c u l a r  a l ternat ive is r e l a t e d  t o  c r i t e r i a  of 
economic e f f i c i ency  and resource  a v a i l a b i l i t y .  The approach is not of 
t h e  formal modelling type p rac t i s ed  by S X ;  r a t h e r ,  mathematical models 
a r e  used  o n l y  as a means f o r  i n v e s t i g a t i n g  the  r e l a t i o n s h i p  between t h e  
ob jec t ives  and t h e  techniques o r  i n s t rumen ta l i t i e s .  Moreover, s imulat ion 
modelling is viewed a s  b e i n g  only one of a range of poss ib l e  techniques 
for  eva lua t ing  a l t e r n a t i v e s  wi th in  t h e  cos t -benef i t  framework. 
Arguably, t h e  Rand Corporation's work has much more i n  common w i t h  
Fo r re s t e r ' s  work i n  the 1950s t h a n  t h e  l a t e r  work on urban and global 
systems. In f a c t ,  it would appear fa i r  t o  say t h a t  Rand sys t ems  ana lys i s  
remains e s s e n t i a l l y  t echnoc ra t i c  wh i l s t  system dynamics has  developed 
i t s  a d d i t i o n a l  moral t inge .  This d i f f e r e n c e  notwithstanding, however, it 
may well be t h a t  both approaches a r e  fundamentally similar. Indeed, a 
contrast  between Rand and SDC would be an i n t e r e s t i n g  h i s t o r y  i n  i tsel f  
- p a r t i c u l a r l y  when viewed as p a r a l l e l  s t r a n d s  of t h e  systems movement 
which have developed from common or igins  i n  a m i l i t a r y  context. Having 
s a i d  t h a t ,  we are faced w i t h  t h e  problem t h a t  t h e r e  does not appear t o  be 
a c l e a r  a r t i c u l a t i o n  of bel iefs  concerning t h e  cosmological elements i n  
which we are in t e re s t ed ;  f o r  ins tance ,  Rand have not been involved i n  any 
extensive model based programme concerning population, resources  and t h e  
environment. Moreover, we do not have any information concerning t h e  
s t y l e  of response t o  anomalies which members of Rand might share. 
Because of t hese  d i f f i c u l t i e s  it is not  f e a s i b l e  t o  develop an adequate 
account of t h e  cosmological o r i e n t a t i o n  which could be a t t r i b u t e d  t o  
them. 
TüE CULTURAL SEX'TING OF SM; Aüû SPRU 
The aim of t h i s  s e c t i o n  is t o  present  some evidence concerning the  
re la t ive grid-group c h a r a c t e r i s t i c s  of t h e  c u l t u r a l  s e t t i n g s  wi th in  
which SDG and SPRU res ide .  More s p e c i f i c a l l y ,  we seek t o  desc r ibe  the 
na ture  of t h e  i n s t i t u t i o n a l  location of each group.The major period of 
i n t e r e s t  c e n t r e s  on t h e  time of the  world modelling debate  (1970-1974) 
but we s h a l l  a lso cons ider  t h e  broader time span assoc ia ted  with the  
t r a d i t i o n  of each i n s t i t u t i o n .  With each group we a r e  concerned w i t h  
t h e i r  nascence wi th in  a t r a d i t i o n .  In t h e  case  of SDG it is t h e  period of 
almost 30 years  inc luding  t h e  1950s and 1960s when F o r r e s t e r  and h i s  
col leagues moulded t h e  i d e a s  of s y s t e m  engineer ing i n t o  system 
dynamics. In SPRU's case we have t h e  very s h o r t  period from 1966 when it 
was formed and the  t r a d i t i o n  b u i l t  up mainly i n  t h e  early 1970s. 
Moreover, t h e  t r a d i t i o n  behind system dynamics evolved wi th in  an 
i n s t i t u t i o n  which a l ready  had a d i s t ingu i shed  reputat ion.  These 
d i f f e rences  in h i s t o r i c a l  extension and i n s t i t u t i o n a l  setting of each 
t r a d i t i o n  are r e f l e c t e d  by t h e  l e v e l  of de t a i l  w e  can cite concerning 
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eacn group. 
Before we embark on t h e  d e s c r i p t i o n s  of each i n s t i t u t i o n a l  l oca t ion  it 
is important t h a t  we poin t  ou t  t h e  re levance of t h e  genera l  
l i b e r a l i z a t i o n  i n  western s o c i e t i e s  - and i n  p a r t i c u l a r  the  radical 
changes i n  u n i v e r s i t y  environments - during the  l a t e  1960s and e a r l y  
1970s. In f a c t ,  most of t h e  evidence w e  s h a l l  c i t e  concerning S E  pre -  
da t e s  t h i s  and so our remarks should not be construed a s  being in any 
way well-founded i n  r e l a t i o n  t o  the  la ter  i n s t i t u t i o n a l  s e t t i n g  of t he  
group. The evidence w e  w i l l  p r e sen t  is a l s o  sub jec t  t o  the  r e se rva t ions  
discussed e a r l i e r  i n  s ec t ion  4.2. However, by r e f e r r i n g  t o  d i f f e r e n t  
sources  we hope t o  gain an o v e r a l l  f lavour  of each i n s t i t u t i o n  and s e t  
t h e  micro-location of t he  groups i n  t h a t  context.  Further ,  as t h e  
evidence is not  based upon direct  detai led observat ion of each group it 
w i l l  not c o n s t i t u t e  the  basis f o r  a s t r i n g e n t  test of t h e  grid-group 
theory b u t  rather, is offered  as a u x i l i a r y  evidence on which t o  base our 
l a t e r  comparison of cosmologies. 
SDC r e s i d e  wi th in  t h e  Sloan School of Management a t  MIT. This  is a 
p r iva t e ,  and one of t h e  most p re s t igous  i n s t i t u t i o n s  wi th in  t h e  American 
education system, and indeed it enjoys a worldwide reputat ion.  Founded 
in 1865, MIT is a very large organiza t ion  - i n  1966/67 there were some 
969 members of f a c u l t y  (of which 26 were women), 3,857 undergraduates 
(200 women), and 3,718 graduates  (201 women). Further ,  there were 935 
fo re ign  s tuden t s  (201 women)44. The Sloan School's chief benefactor  was 
A.P. Sloan, t h e  former head of General Motors; o r i g i n a l l y  named t h e  
School of I n d u s t r i a l  Managemerit, i t  was e s t a b l i s h e d  i n  1950. In 1960 some 
12 persons were engaged on t h e  p rograme  in i n d u s t r i a l  dynamics but by 
1968 some 120 graduates  and postgraduates  took i n d u s t r i a l  dynamics as a 
first-term subjec t ;  i n  a d d i t i o n  some 100 men in the  Sloan Fellow and 
Senior  Executive Development Program a l s o  took t h e  subject .  Many of t h e  
graduates  wi th in  t h e  system dynamics programe are former engineer ing 
s tuden t s  - t h i s  being an approved route  f o r  t h e  graduate  s tudy of t h e  
management of complex systems. 
MIT is a very exc lus ive  i n s t i t u t i o n  and its e n t r a n t s  are restricted t o  
those who are amongst t h e  h ighes t  performers on var ious  o f f i c i a l  verba l  
and mathematical tests - so much so t h a t  it h a s  been said t h a t  s tudents  
o f t en  s tand i n  awe o f  each o therus .  MIT has a long t r a d i t i o n  of contacts  
w i t h  t h e  m i l i t a r y  and d i f f e r e n t  i n d u s t r i a l  concerns - p a r t i c u l a r l y  
through t h e  design of m i l i t a r y  systems and co-ordination of p r i v a t e  sub- 
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cont rac tors .  Indeed much of t h e  research  a t  MIT is sponsored by the  
mii i tary46.  
Largely voca t iona l  i n  o r i e n t a t i o n ,  MIT is goverened by moral 
cons idera t ions  pe r t a in ing  t o  education f o r  t he  f i l l i n g  of s o c i e t a l  
r o l e s  and meeting- p ro fes s iona l  r e spons ib i l i t i e s47 .  
"[q 11 members of t he  M.I.T. family,  adminis t ra t ion ,  f acu l ty ,  and 
s tudents ,  must be able t o  feel  a sense of belonging t o  a great 
i n s t i t u t i o n  w i t h  a high moral purpose.vf(48) 
The l i n k s  w i t h  the  mi l i t a ry ,  government organiza t ions  and business  
indicate  t h a t  it is wel l - integrated i n t o  t h e  dominant ideology of t he  
country. The sense of vocat ion is coupled with t h a t  of s o c i a l  
r e s p o n s i b i l i t y ;  p a r t i c u l a r l y  i n  engineering., from whence many Sloan 
School graduate  s t u d e n t s  originate, we f ind  much stress on these  
f ac to r s .  
"It is e s s e n t i a l  tha t  t he  modern engineer be able t o  organize and d i r e c t  
men. H i s  success depends as much upon h i s  understanding of human 
relations and h i s  s k i l l  i n  handling men as upon h i s  t echn ica l  
competence. F u l l  achievement i n  h i s  profession r equ i r e s  t h a t  he be a man 
of  broad c u l t u r e  with a deep sense of social  respons ib i l i ty . "  (50) 
emphasis added 
"Each s tuden t  must be prepared t o  accept  i nd iv idua l  r e s p o n s i b i l i t y  f o r  
l eade r sh ip  i n  h i s  profession,  h i s  neighborhood, and h i s  nation; t h i s  
impl ies  h i s  acceptance of the moral and e t h i c a l  burden r e l a t i n g  not only 
t o  h i s  own acts but t o  t h e  acts of t h e  s o c i e t y  of which he is a part." 
(51) 
"Since we a t t rac t  some of t h e  bes t  youth of t h i s  and o t h e r  countries,  t h e  
I n s t i t u t e  is ob l iga t ed  t o  educate them t o  be not  only capable  t echn ica l  
men, but  p ro fes s iona l  men aware of t h e i r  r e s p o n s i b i l i t i e s  as citizens." 
(52) 
It is widely acknowledged t h a t  t h e  s tuden t  atmosphere at  MIT is 
extremely competi t ive and demanding, with l i t t l e  time o u t s i d e  of 
teaching  and studying53; for  t h e  p ro fes so r s  too, s tuden t  demands on 
t h e i r  time would appear t o  c a r r y  a heavier  burden than a t  o the r  
i n s t i t u t i o n s .  
...................................................................... 
e This  accent  on t h e  s o c i a l  r e s p o n s i b i l i t y  of engineers  would appear t o  
be a general c u l t u r a l  c h a r a c t e r i s t i c  and is not  pecu l i a r  t o  MIT. Indeed, 
it is repor ted  by s e v e r a l  commentators (49). 
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"The I n s t i t u t e  has a demanding curriculum which dominates a l a r g e  par t  
of t h e  s tudent ' s  working hours. Its severe  s e l e c t i v i t y  insures t h a t  it 
admits only h i g h l y  able and, on the  whole, h ighly  motivated students...the 
demands i t  makes, and the  rewards it o f fe r s ,  both i n  t he  present and i n  
promise, have profound e f f e c t s  on the  l i v e s  of students".  (54 )  
With t h e  voca t iona l  courses  i n  p a r t i c u l a r ,  t h e  c u r r i c u l a  a re  marked by 
much rou t in i sed  l ea rn ing  and p r a c t i c e  - " learn ing  by doing" is a 
hallmark of MIT education. T h i s  o f t en  cen t r e s  on laboratory p r a c t i c e s  
and notably,  s y s t e m  dynamics is  t augh t  i n  t he  System Dynamics 
Laboratory. 
The s t u d e n t s  are con t inua l ly  assessed  and ranked, and it is the  rewards 
o f  high grades - such as scho la r sh ips  and graduate  fellowships - which 
he lps  t o  s t imu la t e  competition. 
" A t  t h e  cent re ,  of course, are the  grades. Not only do they c e r t i f y  
accomplishment, but  many f u t u r e  rewards are dependent on them" (55)  
The heavy load of t h e  curriculum, combined w i t h  a large s t u d e n t  body 
(which the re fo re  r e q u i r e s  complex t ime-tabl ing)  and r egu la r i ty  o f  
testing a l l  poin t  t o  a high degree of punctuat ion and sequencing wi th in  
the temporal dimension of s o c i a l  l ife.  Following Z e r ~ b a v e l 5 ~ ,  we can 
suggest t h a t  t h e  complex time-tabling sets up a corresponding temporal 
s t r u c t u r e  wi th in  social l i f e  w i t h  consequent i n t r i c a t e  pa t te rns  and 
rhythms. With greater o rgan iza t iona l  complexity, time becomes 
inc reas ing ly  i d e n t i f i a b l e  by one's p a r t i c u l a r  location: t h e  
d i f f e r e n t i a t i o n  of time matching t h e  d i v i s i o n  and i n t e g r a t i o n  of s o c i a l  
p r a c t i c e s  such as l e c t u r e s ,  l abo ra to ry  work, seminars and study periods. 
The punctuation o r  d i f f e r e n t i a t i o n  of time is a l s o  evidenced i n  a 
h i s t o r i c a l  sense too. For instance, i n  Wylie's MIT i n  P e r ~ p e c t i v e ~ ~ t h e  
names of HIT staff are post-fixed by t h e  year  of t h e i r  graduation (or 
r e c e i p t  of t h e i r  Masters) - e.g. Robert RJverett'43. This  p rac t i ce  is 
observed i n  HIT'S i n s t i t u t i o n a l  journal Technology Review where we a l s o  
r ind  f requent  reference t o  s p e c i f i c  classes - e.g. t h e  class of '23.This 
is pa r t i cu lad tpo  i n  the f i n a l  s e c t i o n  of t h e  jou rna l  i n  which readers 
are kept  informed of no tab le  achievements (honours, c i t a t i o n s ,  medals), 
but a l s o  deaths,  of MIT alumni - these being arranged according t o  class 
year. It is of f u r t h e r  i n t e r e s t  t o  note  t h a t  t h e  Journal  a l s o  carries 
advert isements  f o r  consultancy o rgan iza t ions  comprised of HIT graduates  
and these  too c a r r y  t h e  year of graduat ion convention. (Outside of these  
sources  however, w e  have only Sound one art icle in which the convention 
was 0bserved5~.)  
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We f ind  t h a t  a r i g i d  network of rules and regula t ions  govern the  s o c i a l  
conduct of t h e  s tudents :  
" t h e  r u l e s  a r e  s p e l l e d  ou t  so t h a t  t h e  u n i v e r s i t y  can func t ion  i n  a 
pa ren ta l  ro le ,  p a r t i c u l a r l y  w i t h  respec t  t o  t h e  conduct of women 
students." ( 5 9 )  
W r i t i n g  i n  1970, i n  h i s  study of MIT, Snyder observed t h a t  the  s t r ic t  
r egu la t ions  were beginning t o  be relaxed a t  e l i t e  co l l eges  but  t h a t  
"many u n i v e r s i t i e s  s t i l l  maintain close su rve i l l ence  on the  manners and 
mores of t h e i r  
A t  a departmental  l eve l ,  s o c i a l  r e l a t i o n s  would appear t o  be formal; 
quot ing one professor ,  Snyder records: 
" the  ind iv idua l  departments opera te  i n  a t r a d i t i o n a l  pa t t e rn ,  t h e  format 
of which is too  a u t h o r i t a r i a n  t o  my way of thinking, although t h e  
ind iv idua l s  aren't." (61 1 
This  is not  an i s o l a t e d  observat ion for several sources  observe t h e  
conformity and subord ina t ion  of MIT s t u d e n d 2 .  Indeed, Wylie no te s  t h a t  
f o r  a long time HIT had seemed "immune" t o  t h e  v i o l e n t  p r o t e s t s  t h a t  
occured a t  Berkeley and elsewhere during t h e  late 1960s and e a r l y  1970s. 
What is important i n  t h i s  r e spec t  is t h a t  although v io lence  d id  e r u p t  a t  
MIT, it lagged behind t h a t  a t  o t h e r  un ive r s i ty  i n s t i t u t i o n s .  I n  r e l a t i o n  
t o  S E  and t,he Sloan School we may use fu l ly  note t h a t  a number of 
i n v e s t i g a t i o n s  t e s t i f y  as t o  t h e  more conservat ive a t t i t u d e  of 
management and engineer ing s t u d e n t s  amongst t he  genera l  s tuden t  
population63. Further ,  Snyder argues t h a t  competence r a t h e r  than 
c r e a t i v i t y  has become t h e  keynote of MIT education - t h i s  is arguably a 
cont r ibu tory  f a c t o r  i n  t h e  conservatism of t h e  i n s t i t u t i o n .  Competence 
is a requirement o f  t h e  voca t iona l  o r i e n t a t i o n  of much of HIT'S 
curricula and is u l t ima te ly  assessed  by o t h e r s  i n  t h e  p r a c t i s i n g  
profess ions  and i n d u s t r i a l  organizat ions.  
"The concern for competence l i es  behind the  work overload and 
expropr ia t ion  of le isure  t h a t  are t h e  most immediately v i s i b l e  marks of 
d i f f e r e n c e  between M.I.T. and l i b e r a l  arts colleges." (64) 
As f o r  the  staff, Snyder t a l k s  of d i s t r a c t i o n  because of ou t s ide  
commitments and the  demands of those people who have a legitimate claim 
for a t t en t ion .  
"The norms of scholarsh ip  r e q u i r e  a r e l a t i v e l y  free exchange of 
f r a t e r n i t y  of scholars,rnen w i l l  be as h e l p f u l  as p o s s i b l e  t o  others who 
information; moreover, they presuppose that within  the very broad 
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seek t h e i r  a i d  i n  pu r su i t  of some l eg i t ima te  profess iona l  
e n t e r p r i s e  ... The r e s u l t  is t h a t  t h e  commonest complaint, at  every l a r g e  
univers i ty ,  is of an academic man's d i f f i c u l t y  i n  doing h i s  own work i n  
t h e  f ace  of t h e  cons t an t  d i s t r a c t i o n  by others." (65). 
It would appear t h a t  t h e  conformity, competit ion and r egu la t ion  of 
s o c i a l  l i f e  cons t i t u t e  an oppressive g r i d  f o r  t h e  s tudents  a t  MIT. They 
are ,  however, a d i s t i n c t  e l i t e  and a r e  t r a ined  t o  be leaders i n  t h e i r  
f i e l d  - they the re fo re  become s o c i a l i s e d  i n t o  the  experience of t he  
exe rc i se  of author i ty .  T h e i r  sense of ob l iga t ion  is not only t o  MIT b u t  
a l s o  t o  the p ro fes s iona l  and s o c i a l  r e s p o n s i b i l i t i e s  which pervade t h e  
vocat ional  o r i e n t a t i o n  of t h e  i n s t i t u t i o n .  Thus, it is w i t h i n  t h i s  
c u l t u r e  t h a t  Fo r re s t e r ,  h i s  co l leagues  and s tudents ,  came t o  embrace 
system dynamics. With SDG i t s e l f  t h e  ne t  of perceived d u t i e s  is cast 
even wider  f o r  they cons ider  themselves t o  have a r e s p o n s i b i l i t y  f o r  t h e  
f u t u r e  of mankind. Indeed, system dynamics is now an i n t e r n a t i o n a l l y  
embraced philosophy; there are i n t e r n a t i o n a l  conferences, an 
i n t e r n a t i o n a l  s o c i e t y  is  being formed and an annual Fo r re s t e r  P r i z e  has 
j u s t  been i n s t i t u t e d .  
Other evidence concerning t h e  group boundedness of SDC comes from t h e i r  
own self-percept ions.  We f i n d  a number of s ta tements  in which it is 
clear t h a t  they cons ider  themselves t o  be cogn i t ive ly  set a p a r t  from 
others ,  and in p a r t i c u l a r  social scientists whom they a l l e g e  lack  a 
proper understanding of system dynamics66. 
Each s o c i a l  environment w i l l  usua l ly  have a range of codes - i n  high 
group s o c i a l  l o c a t i o n s  w e  would e s p e c i a l l y  expect t o  f i n d  i n s t ances  of 
r e s t r i c t e d  codes. In so far as system dynamics becomes a l e n s  through 
which t h e  system dynamicis ts  orientate themselves in t he  world, we 
should expect t h a t  it g i v e s  them a common sense of i den t i ty .  I n  fact, 
they tend t o  see themselves as p ioneers  s tanding  a t  a new f r o n t i e r  in 
knowledge, and they perce ive  t h e i r  abi l i t ies  as something which sets 
them a p a r t  from outs iders .  For  example, speaking with regard t o  those  
spec ia l i s ed  i n  t h e  profess ion  of automatic feedback cont ro l ,  F o r r e s t e r  
has s t a t e d  
"The profession has  been through a hundred years  of developing 
appropr ia te  theory and concepts. No one has  a b e t t e r  p ro fes s iona l  
background f o r  understanding todays important s o c i a l  and economic 
forces...Knowledge imposes r e spons ib i l i t y .  If  no one is b e t t e r  a b l e  to 
deal w i t h  the important world and na t iona l  i s sues ,  those w i t h  t r a i n i n g  
I n  l i n e  with t h i s  observa t ion  we may note Forres te r ' s  remark tha t  t h e  
computer runs f o r  t h e  urban model had t o  be  completed from h i s  te rmina l  
at home. 
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and a b i l i t y  i n h e r i t  an  ob l iga t ion  t o  s t e p  i n t o  t h e  void." ( 6 7 )  
Bernstein con jec tu res  t h a t  a r e s t r i c t e d  code w i l l  emerge amongst any 
group which shares a common iden t i ty .  Thus, as the t h e o r e t i c a l  framework 
of system dynamics becomes more and  more consol idated amongst SDG, so we 
should expect t h a t  communications amongst i ts  members become 'shorter '  
- t o  be  les3 elaborated,  and t o  c a r r y  a g r e a t e r  burden  of impl ic i t  
meanings - t o  become more l i k e  a r e s t r i c t e d  code. To a c e r t a i n  extent  
t hese  po in t s  over lap  w i t h  t he  ques t ions  raised by Kuhn i n  r e l a t i o n  to  
paradigms68. To t h e  ex ten t  t h a t  t h e  system dynamicists know each other  
and i n t e r a c t  a s  a s o c i a l  group, they do not j u s t  share common 
i n t e l l e c t u a l  t o o l s  f o r  the  restricted code aff i rms a set of common 
va lues  and sense of i d e n t i t y  as well. I n  re ference  t o  t h i s  we may note 
t h a t  many of t h e  pub l i ca t ions  i n  system dynamics (between urban and 
world dynamics) became increas ingly  dependent on cross-referencing 
amongst t h e  group - i.e. they came t o  r e l y  more upon o t h e r  works i n  
system dynamics r a t h e r  than drawing upon d i f f e r e n t  intellectual sources. 
T h i s  r e in fo rced  both t h e i r  commitment t o  system dynamics and the  group 
boundary which inc reas ing ly  set them apart from outs iders .  
T h i s  sense  of apa r tnes s  is of  course rooted i n  t h e  whole e l i t i s t  e thos  
o f  MIT but  it came p a r t i c u l a r l y  t o  the  f o r e  when SEC sought t o  defend 
themselves against t h e  often vehement criticisms which stemmed from the  
phys ica l  and s o c i a l  s c i ence  communities. For res  ter, f o r  example, has even 
suggested that t h e  na ture  of t h i s  criticism has  educat ional  
imp l i ca t ions  Por the teaching  of s o c i a l  s c i e n t i s t s .  
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s o c i a l  bonding (i.e. cogn i t ive  bonding through a shared philosophy, group 
commitments and interests)  but  a l s o  Prom external pressure.The response 
of journals such as Nature was an exe rc i se  of the publ ic  gr id  which 
cons t i t u t e s  t h e  received view o f  scient i f ic  work. 
For example, one e d i t o r i a l  i n  Nature asserted t h a t  World Dynamics was "a 
somewhat dangerously over-simple documentn69. Another i n  The Economist 
argued t h a t  The L i m i t s  t o  Growth r e p o r t  
" r ep resen t s  t h e  highwater mark of an old-fashioned nonsense, because the 
MIT team has  pumped in to  i t s  computer 90 many dear,  dead assumptions. It 
f a l l s  w i t h  both eyes open i n t o  the central  t rap  before  a l l  
futurologists,  and is t h u s  in danger of d i s c r e d i t i n g  t h e  germ of t r u t h  
that should make more considered researches o f  t h i s  s o r t  worth while." 
(70) 
Y e t  another ed i tor ia l ,  t h i s  t i m e  i n  Science, carried t h e  f o l l o w i n g  
comment: 
"Enthus ias t s  can e a s i l y  10% s i g h t  of t h e  l i m i t a t i o n s  of computers." 
(71)  
P a r t i c u l a r l y  w i t h  r e spec t  t o  t h e  World 3 p ro jec t  team, who had published 
a popular account of t h e i r  work long before any d e t a i l e d  technical  
d e s c r i p t i o n  was available,  w e  observe that  t h e  accepted procedures of 
s c i e n t i f i c  pub l i ca t ion  had been violated.  The response of many i n  the 
s c i e n t i f i c  community was t o  denounce t h e  MIT work and t o  re-affirm the 
g r i d  of rules which convent ional ly  govern publ icat ion;  a t  the same time 
t h i s  a l s o  served t o  i n s u l a t e  SDG, t o  push them f u r t h e r  up grid. I n  
effect, t h e  response of e s t a b l i s h e d  scientific groups and o t h e r s  such as  
economists was t o  assert that  SDC must a r t i c u l a t e  t he i r  case w i t h i n  
accepted r u l e s  or not  a t  a l l .  
Douglas argues t h a t  s o c i a l  s t ruc tu re  can remain f a i r l y  stable unless  
counterpressures  impinge from outs ide ,  or i f  new knowledge weakens t h e  
c r e d i b i l i t y  of c l a s s i f i c a t i o n s .  
"In e i ther  case, t h e  s o c i a l  change will be wrought i n  t h e  o the r  
dimension, t ha t  of a c t i o n  or pressure." (72) 
Thus, it is conceivable  t h a t  t h e  grid-group rating of S E  a c t u a l l y  
s h i f t e d  s l i g h t l y  during t h e  per iod o f  i n t ense  criticism - we w i l l  r e t u r n  
to these po in t s  i n  greater de t a l l  when we d i scuss  S E ' s  response t o  
anomalies. 
I n  our e a r l i e r  d i scuss ion  of p rob lem concerning t h e  grid-group theory 
we suggested t h a t  it was important t o  keep t h e  ro le  of codes i n  focus, 
that  they ind ica t ed  c o n s t r a i n t s  and sources  of r e s i s t a n c e  t o  changes i n  
cosmology. In r e l a t i o n  t o  t h i s  po in t  we can c i t e  certain p a r a l l e l s  
between Forres te r ' s  e a r l y  and la ter  career. 
F o r r e s t e r  a t t r i b u t e s  h i s  v iew o f  systems t o  h i s  experiences when working 
w i t h  m i l i t a r y  systems, and indeed, we contend t h a t  there are important 
c o n t i n u i t i e s  between those experiences and t h e  subsequent development 
of system dynamics. For example, in a h i s t o r y  of t h e  Whirlwind P r o j e c t  i t  
is reported t h a t  Fo r re s t e r ' s  i n v e s t i g a t i v e  techniques were t h e  product 
of h i s  experiences since 1940 i n  t h e  Servomechanisms Laboratory. 
"They were not  i n t u i t i v e ,  unexamined procedures t h a t  he  was unaware of 
and could not explain.  O n  the cont ra ry ,  he took it for granted that he 
should ana lyze  and make e x p l i c i t  as poss ib l e  t h e  usePul techniques t h a t  
'carne naturally' f r o m  his experiences.  H e  preferred to know where h e  
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stood and why, a t  a l l  t imes and was committed i n  a very self-aware way t o  
understanding and r a t i o n a l i z i n g  and systematizing t h e  procedures of h i s  
mind..."(73) 
Now t h e  re levance  of t h i s  f o r  our understanding of h i s  work on system 
dynamics is t h a t  there too w e  f i n d  t he  same ideas  and concern about 
e x p l i c i t n e s s ,  only now it is t o  be found i n  t h e  realm of formal computer 
mod e Is. 
The Whirlwind P r o j e c t  was conducted i n  a b u i l d i n g  which was closed t o  
o u t s i d e r s  because of m i l i t a r y  s e c u r i t y  measures and it was run as a 
t i g h t ,  wel l -oi led machine. 
"Drawing toge the r  as it d i d  young men of ambition, a b i l i t y ,  and s p i r i t ,  
and r e in fo rced  by a h a b i t  of d a i l y  opera t ions  t ha t  stressed, and f o r  t h e  
most p a r t  obtained,  i n t e l l i g e n t l y  planned and coordinated operat ions,  
t h i s  pol icy  produced an unusually high e s p r i t  de corps." (74)  
In t h i s  s o c i a l  context ,  then, were a common purpose uni ted  a l l ,  t h e  seeds  
were sown for t h e  later ideas of t h e  purposive nature of s o c i a l  systems, 
the need for subsystems t o  subordinate  t h e i r  sub-goals t o  system goals 
e tc .  The s o c i a l  essences  which pervaded a t i g h t l y  organized research 
team, were mirrored by t h e  p l a ton ic  essences which suffused t h e  material 
o b j e c t s  (and t h e i r  abstract r e l a t i o n s )  which were integrated wi th in  t h e  
project and a c t u a l l y  enabled t h a t  i n t e g r a t i o n  t o  proceed. In o t h e r  
words, the  s o c i a l  o rganiza t ion  of t h e  l abora to ry  was a precondi t ion  f o r  
t h e  eventua l  material organiza t ion  o f  Whirlwind's components. 
As l eade r  of the p r o j e c t ,  F o r i e s t e r  was descr ibed as " the  Chief, cool, 
d ie tant ,  and pe r sona l ly  remote i n  a way t h a t  kept  him i n  c o n t r o l  without 
ever  diminishing our l o y a l t y  i.nd p r i d e  in t h e  projectn75. In t h i s  regard 
he stood i n  c o n t r a s t  t o  h i s  depu ty  - Evere t t  - who was ' relaxed, 
f r i end ly ,  understandingn7ó. Thus,  al though he  was t h e  "Chief' h i s  social 
i n t e r a c t i o n s  were more prescr ibed  by a gr id  of r u l e s  than those of 
Everet t .  However, it would appear t h a t  F o r r e s t e r  was remote only in a 
personal  sense - i.e. he maintained s t r ic t  se l f - con t ro l  - and in terms o f  
technical issues  he was con t inua l ly  involved in problems a t  a workbench 
ïeve177. 
A second c o n t i n u i t y  between h i s  earl ier and later work is that  F o r r e s t e r  
has  con t inua l ly  found himself marching to  a d i f f e r e n t  beat. With 
Whirlwind he was under pressure  from the m i l i t a r y  a u t h o r i t i e s  because of 
h i s  and Evere t t ' s  unorthodox research p r a c t i c e s  - p a r t i c u l a r l y  as 
regards  t h e i r  overspending. F o r r e s t e r  was convinced tha t  the 
experimental  computer then being assembled was of much greater 
importance t h a n  many r e a l i s e d  - he saw t h a t  a new threshold  or f r o n t i e r  
was being crossed - and he considered t h a t  he had t o  p r o t e c t  it from 
those who, no t  r e a l i s i n g  i ts  importance, could i n t e r r u p t  i t s  progress.  
"He saw h imse l f  as best car ry ing  out  h i s  d i r e c t o r i a l  func t ion  by 
s h i e l d i n g  h i s  men from p o t e n t i a l  ou t s ide  interference."  (78)  
The p r o j e c t  came under repeated c r i t i c i s m  from d i f f e r e n t  agencies  as 
well a s  o t h e r  groups who were a l so  engaged on s i m i l a r  p ro jec t s ,  and so 
the  experience of being in a threatened group was not  new t o  him. When 
h i s  later work came under a t t a c k  however, i t  was not  j u s t  an important 
p r o j e c t  which was under threa t :  indeed, w e  sha l l  argue t h a t  it was h i s  
sense o f  proper  order  which was a t  stake.  
There were also charges t h a t  h i s  group d id  not  cooperate  f u l l y  with 
o t h e r s  in t h e  f i e l d  - though It is accepted t h a t  c e r t a i n  groups avoided 
involvement because t h e  p r o j e c t  was c l a s s i f i e d  - and aga in  t h i s  arguably 
served t o  consol ida te  the  sense of apar tness .  A t  a more symbolic level, 
we f i n d  t h a t  t h e  s e c u r i t y  regula t ions ,  which d i f f e r e n t i a t e d  t h e  i n s i d e r s  
on t h e  p r o j e c t  from outsiders,  were re inforced  by t h e  o rde r ing  of s o c i a l  
space: 
"[O]ffice walls were t o  be kept  clean and bare  of car toons  and f r i v o l o u s  
p ic tures"  (79) 
I n  o t h e r  words, a s t r ic t  sense of p u r i t y  of categories prevented t h e  
contamination of t h e  i n s i d e  of t h e  l abora to ry  by t h e  " f r ivo lous"  o b j e c t s  
from outs ide.  This information concerning Forres te r ' s  e a r l y  career not 
only informs our understanding of t h e  s t y l e  of th inking  which later 
manifested Itself i n  system dynamics, it also he lps  t o  i l lus t ra te  the  
deep cogn i t ive  commitment he has  t o  it and t h e  subsequent t r a i n i n g  of 
h i s  s tudents .  
SPRU are based a t  t h e  r e l a t i v e l y  new (1961) Univers i ty  o f  Sussex. This 
i n s t i t u t i o n  is r a t h e r  small i n  comparison t o  MIT and only had 4,500 
s t u d e n t s  i n  1977. The r a t i o  of t h e  sexes is much more equal  a t  some 1.28:l 
males t o  females (compared t o  20:l a t  MITI and i n  1982 contained some 425 
fo re ign  s t u d e n t s  - a somewhat smaller percentage than at  MIT80. It is 
far less s e l e c t i v e  than MIT which i n  t h i s  regard is more s t r i c t l y  
comparable t o  Oxford or Cambridge. I n  1967 SPRU contained 8 members of 
staff and 1 v i s i t i n g  fellow; by 1976 t h e r e  were 39 members of staff, 8 
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v i s i t i n g  fe l lows  and 14 postgraduates  who were d i s t r i b u t e d  amongst 6 
p ro j ec t  teams8'. Notably, most of t h e  s t a f f  members of SPRU came from 
o the r  u n i v e r s i t i e s  and i n s t i t u t i o n s 8 *  and they  were drawn from a var ie ty  
of d i s c i p l i n e s .  
One source of information concerning Sussex is Riesman who spent  some 6 
months t h e r e  (c.1965). He is a well-known s o c i a l  s c i e n t i s t  w i t h  an 
i n t e r n a t i o n a l  r epu ta t ion  and can not t he re fo re  be regarded as a naive 
observer. In h i s  comparison of American and B r i t i s h  u n i v e r s i t i e s  he 
notes  t h a t  t h e  p lanners  of t h e  un ive r s i ty  (amongst o t h e r  new 
i n s t i t u t i o n s )  were: 
" i n s i s t e n t  t h a t  i n s t i t u t i o n s  not  grow too  la rge ,  not beyond human sca le ,  
nor grow too  fast t o  permit t h e  induct ion  of s tuden t s  and f a c u l t y  i n t o  
t he i r  own c o l l e g i a l  and more or less experimental  climates." (83) 
I n  terms of u n i v e r s i t y  organiza t ion  he observes t h a t  B r i t i s h  
universities are more decentralized, w i t h  f a c u l t y  members being much 
involved i n  new appointments - a t a s k  which remains a n  admin i s t r a t ive  
func t ion  i n  American i n s t i t u t i o n s .  He argues  t h a t  B r i t i s h  academics pay 
a p r i c e  f o r  t h e i r  greater democracy through time spent  in meetings; 
i n t e r e s t i n g l y ,  he comments t h a t  t h i s  loss was "excessive" a t  Sussex, 
p a r t l y  because of its "newness" and t h e  "belief in equalityw84. 
As f o r  t h e  s tudents ,  Riesman c o n t r a s t s  t h e  "playfulness",  
"experimentation" and " j o i e  de v ivre"  he found amongst those a t  Sussex 
w i t h  the "intense m e r i t o c r a t i c  competit ion" o f t e n  found i n  t h e  U.S. 
Moreover, he contends t h a t  t h e  r e l a t i v e l y  smaller por t ion  of people who 
a t t e n d  u n i v e r s i t i e s  in B r i t a i n  p a r t l y  con t r ibu te s  t o  a g r e a t e r  sense of 
ease and t h e  "appearance of being relaxed and less bus t l i ng  and busy 
than i t s  American c o u n t e r ~ a r t s " ~ ~ .  
The experimental  na tu re  of Sussex is manifest  i n  t h e  in t roduct ion  of new 
ideas  i n t o  curr iculum planning and t h e  i n t e r a c t i o n  o f  d i s c i p l i n e s .  
"What I found a t  Sussex was an except iona l  energy of f a c u l t y  members 
t a l k i n g  with each o t h e r  about  education, v i s i t i n g  each other 's  l e c t u r e s ,  
and br inging undergraduates i n t o  t h e i r  discussions.  One has  t o  see i n  
d a i l y  unfolding the d e t a i l s  o f  the Sussex curriculum t o  r e a l i z e  the 
tenac ious  ingenuity:  t h e  framework of contex tua l  courses, the grouping 
of people and t o p i c s  i n t o  schools,  t h e  search  for intellectual cement to  
r e l a t e  t h e  special i t ies  i n  new and i n t e r p e n e t r a t i n g  ways, and hence t o  
a l te r  them." (86) 
Briggs, t h e  former Vice-Chancellor a t  Sussex, also refers to  the 
innovat ive n a t u r e  of t h e  Sussex experiment. 
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"From t h e  s t a r t  Sussex...has been thought of as a cen t r e  of innovation... 
The  freedom t o  work along new l i n e s  and t h e  power t o  plan new 
COuLbiMtiOnS of s u b j e c t s  and new c u r r i c u l a  have proved great 
a t t r a c t i o n s  i n  r e c r u i t i n g  academics from u n i v e r s i t i e s  where c u r r i c u l a  
can  be changed only w i t h  t h e  g r e a t e s t  d i f f icu l ty . ' '  (87 )  
This  experimental  s p i r i t  was an  important element i n  t h e  foundation of 
SPRU i n  1966: there was a d e l i b e r a t e  a t tempt  t o  br ing  toge ther  n a t u r a l  
s c i e n t i s t s  and s o c i a l  s c i e n t i s t s  t o  work on shared projects' .  The aim 
was t o  develop c r o s s - f e r t i l i z a t i o n  rather than  the  development of a 
s i n g l e  philosophy such as system dynamics. However, Freeman notes  t h a t  
it is d i f f i c u l t  t o  assess how far c r o s s - f e r t i l i z a t i o n  - as opposed t o  
mere jux tapos i t i on  of d i f f e r e n t  views - was achievede8. The p l u r a l i t y  of 
op in ions  amongst SPRU appears  t o  be reflected i n  a comment in Thinking 
About The Future  where Jahoda's guidance of t h e  world modelling p r o j e c t  
team is acknowledged: 
"she made it poss ib l e  f o r  a d ive r se  and sometimes unruly group t o  
cooperate  f ru i t fu l ly . "  (89) emphasis added 
And later, Freeman notes: 
"It included people of very diverse p o l i t i c a l  views ranging ac ross  t h e  
whole spectrum from Conservative t o  Marxist, and some of no i d e n t i f i a b l e  
p o l i t i c a l  complexion. It inc luded  members from very d i f fe ren t  
d i s c i p l i n e s ,  and we were not united,  as were t h e  MIT group, by a common 
f a i t h  in system dynamics. But we were, and are, agreed on t h e  urgency of 
many of t h e  social and p o l i t i c a l  problems r a i sed  by The L i m i t s  t o  
Growth, and t h e  belief t h a t  s a t i s f a c t o r y  s o l u t i o n s  can only emerge a s  a 
r e s u l t  of a cont inuing process  of research,  p o l i t i c a l  debate, and s o c i a l  
experiment." (90) 
I n  comparison t o  what we s t a t e d  about restricted codes and SDC, w e  can 
assert tha t  t h i s  d i v e r s i t y  prevented t h e  consol ida t ion  of a similar 
sense  of i d e n t i t y .  Indeed, we may note t h a t  SPRU made many references t o  
o t h e r  works and bodies of knowledge and d id  not, therefore ,  maintain 
p ro fes s iona l  or d i s c i p l i n a r y  boundaries as r i g i d l y  as SDCg1. 
The evidence we have presented concerning t h e  s o c i a l  l o c a t i o n s  of SDG 
and SPRU suggests t h a t  t h e  former should be regarded as f u r t h e r  a long 
t h e  axes  of g r i d  and group. The greater level  o f  conformity a t  MIT 
i n d i c a t e s  s t ronge r  social c o n t r o l  and t h i s  is complemented by t h e  degree 
of ranking ( inc luding  grading and h i s t o r i c a l  age s t a t u s ) ,  voca t iona l  
orientation, t h e  rou t in i za t ion  of learning,  complex punctuation and 
...................................................................... 
otherwise radical educa t iona l  sea. 
I n  o t h e r  words, SPRU were not  a conservat ive academic i s l a n d  wi th in  an 
sequencing of i n s t i t u t i o n a l  l i f e ,  and t h e  c e n t r a l i t y  of organiza t iona l  
power. To these p o i n t s  should b e  added t h e  larger organiza t iona l  s ize ,  
much longer  h i s t o r i c a l  roo ts ,  and d i v i s i o n  of t h e  sexes - w i t h  t he  
v i r t u a l  exclusion o f  women a t  MIT. A l l  of these  f a c t o r s  i n d i c a t e  a 
h igher  g r i d  posi t ion.  As fo r  group, we have seen t h a t  t he  voca t iona l  
o r i e n t a t i o n  of MIT is aimed a t  indiicing a s e n s i t i v i t y  t o  profess iona l  
and s o c i a l  r e s p o n s i b i l i t i e s ,  and the re fo re  a sense of group iden t i ty .  As 
a group wi th in  a n  i n s t i t u t i o n  which c u l t i v a t e s  t h e  sense of being p a r t  
of an e l i te ,  S E ' s  group boundedness is f u r t h e r  enhanced by t h e i r  shared 
philosophy and p o s i t i o n  vis-a-vis t h e  t h r e a t  of criticism from l a r g e  
s e c t i o n s  of t h e  r e s t  o f  t h e  academic world. I n  Fleckrs92terms, SDC a r e  
more c l e a r l y  bounded as a thought c o l l e c t i v e ,  an e s o t e r i c  c i r c l e  who 
share  a thought s ty l e .  For i n  add i t ion  t o  shared interests t h e  social 
bonds amongst SDC are also c o n s t i t u t e d  by t h e  exchange of cogni t ions  
wi th in  t h e  framework of t h e  thought s t y l e  ( or as we argued earlier, they 
share a r e s t r i c t e d  code) and a 'harmony of i l l u s i o n s '  - t h a t  which 
d i s t i n g u i s h e s  a thought c o l l e c t i v e  - c o n s t r a i n s  t h e i r  conceptions. I n  
defending t h e  theory of system dynamics i n  t h e  f ace  of criticism, they 
also defended t h e  s o c i a l  bonds which uni ted  them. I n  con t r a s t ,  SPRU d id  
not share  a theory of t h e  world and so we can state t h a t  t h i s  lack of a 
s t rong  cogn i t ive  bond i n d i c a t e s  a lower rating of group experience. I n  
addi t ion ,  SDG are c o n s t i t u t e d  by a core of members who have developed 
t h e i r  p ro fes s iona l  ou t look  under t h e  superv is ion  of F o r r e s t e r  - t h e  
inventor  o f  system dynamics from whom they have learnt - and have 
accepted h i s  teachings  on au thor i ty .  SPRU, on t h e  o the r  hand, do not 
share  a similar l ea rn ing  experience. 
The evidence we have presented i n  t h i s  section can not  be construed as a 
d e f i n i t i v e  account o f  t h e  s o c i a l  l oca t ion  of SDC and SPRU. It is, 
however, perhaps more d e t a i l e d  than t h a t  o f f e red  i n  o t h e r  app l i ca t ions  
o f  grid-group theory. Without d i r e c t  observa t ion  we can not  know the 
precise na tu re  of t h e  social relations behind t h e  mlls of t h e  System 
Dynamics Laboratory or SPRU, but  by consider ing t h e  d i f f e r e n t  
i n s t i t u t i o n a l  t r a d i t i o n s  wi th in  which SDC and SPRU r e s i d e  we have 
offered an i n t e r p r e t a t i o n  o f  t h e i r  social experiences i n  terms of g r i d  
and group. 
I n  t h e  fol lowing section our  a t ten t ion  w i l l  t u r n  to t h e i r  r e spec t ive  
thought s t y l e s  and we w i l l  seek to present  evidence which w i l l  be more 
d e t a i l e d  and exhaustive.  
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4.4 STRATEGIES FOR DEALING WITH ANOMALIES __-_ - THE BACKCASTING DEFIATE 
I n  t h i s  s e c t i o n  we seek t o  compare t h e  though t  s ty l e s  of SDG and SPRU 
from a me thodo log ica l  p o i n t  o f  view: we want t o  d e t a i l  t h e i r  r e sponse  t o  
t h e o r e t i c a l  anomal i e s  and approaches  t o  modelling. To t h i s  end, t h e  
b a c k c a s t i n g  d e b a t e  p r o v i d e s  a good o p p o r t u n i t y  t o  see how t h e y  react t o  
t h e  same k ind  of phenomena. We w i l l  employ Lakatos '  ideas a b o u t  how 
ma themat i c i ans  d e a l  w i t h  coun te rexamples  i n  o r d e r  t o  i l l u m i n a t e  t h e  
strategies by which SDG and SPRU responded to the anomal i e s  which a r o s e  
i n  t h e  c o n t e x t  of b a c k c a s t i n g  and t h e r e b y  throw l i g h t  on the i r  though t  
s t y l e s .  We do n o t  a d v o c a t e  t h e  g e n e r a l  u s e  o f  b a c k c a s t i n g  s i m u l a t i o n  
models, no r  do we e x p l o r e  its u l t i m a t e  l e g i t i m a c y .  Moreover, it must be  
said t h a t  n e i t h e r  of these two g r o u p s  r e g a r d e d  b a c k c a s t i n g  as be ing  i n  
any way fundamental  t o  the  w i d e r  d e b a t e  on world s i m u l a t i o n  models. T h i s  
d o e s  n o t  however d e t r a c t  from i ts  u s e f u l n e s s  f o r  our purposes  here. 
4.4.1 INTRODUCTIOU TO BACKCASTING 
B a c k c a s t i n g  is t h e  name g i v e n  to t h e  t e c h n i q u e  of runn ing  a s i m u l a t i o n  
model backwards i n  time ( r e t r o d i c t i o n )  i n  o r d e r  t o  t r y  and t e s t  i t s  
as sumpt ions  and pa rame te r  va lues .  Its p roponen t s  contend t h a t  
r e t r o d i c t i o n  is l i k e l y  t o  d r i v e  a model's variables t o  u n r e a l i s t i c  
v a l u e s  and may t h e r e b y  i n d i c a t e  i m p l a u s i b l e  a s sumpt ions  i n  i ts 
fo rmula t ion .  I n  a r ev iew of t h e  world models o f  F o r r e s t e r 9 3 a n d  
Meadowsg'lof t h e  System D y ~ m i c s  Group a t  M.I.T., Cole and Curnow95- of 
t h e  S c i e n c e  P o l i c y  Research Un i t  (SPRU) a t  t h e  U n i v e r s i t y  of Sussex  - 
sugges t ed  t h e  p o t e n t i a l  u s e f u l n e s s  o f  t h e  t e c h n i q u e  and demonstrated it 
with t h o s e  models. 
Here we w i l l  c o n c e n t r a t e  on F o r r e s t e r ' s  model - World 2. This model 
c o n t a i n s  a series of non- l inea r ,  n o n - p r o b a b i l i s t i c ,  f i r s t - o r d e r  
d i f f e r e n c e  e q u a t i o n s  and its s t r u c t u r e  r e p r e s e n t s  a complex a r r a y  of 
i n t e r c o n n e c t e d  feedback 1 o o p s ; i t  is used t o  s i m u l a t e  t h e  behav iour  of 
g l o b a l  i n t e r a c t i o n s  between p o p u l a t i o n ,  r e s o u r c e  d e p l e t i o n ,  c a p i t a l  
i nves tmen t ,  p o l l u t i o n  and a g r i c u l t u r e  ( t h e s e  be ing  the model's state 
v a r i a b l e s ) .  The model c o n t a i n s  almost no e m p i r i c a l  d a t a  b u t  i t  was 
a d j u s t e d  so t h a t  its 1900 and 1970 p o p u l a t i o n  figures accorded w i t h  t h e  
a c c e p t e d  s ta t is t ics .  
S t a r t i n g  w i t h  i n i t i a l  v a l u e s  f o r  t h e  state v a r i a b l e s  i n  1900, t h e  model 
is run u n t i l  t h e  y e a r  2100; it p r e d i c t s  a g l o b a l  c a t a s t r o p h e  w i t h i n  t he  
coming c e n t u r y ,  a c a s a s t r o p h e  which is marked by ove rpopu la t ion ,  
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po l lu t ion  and t h e  exhaust ion of n a t u r a l  resources.  The  so ca l led  
"standard run"  of t h e  model is shown i n  Fig.4 and from these  s t a t e -  
va r i ab le  t r a j e c t o r i e s  F o r r e s t e r  concluded t h a t  t he  world must move 
towards a g loba l  equi l ibr ium s o c i e t y  i n  which t h e  growth i n  population 
and i n d u s t r i a l i s a t i o n  would cease. 
The d i f f e rence  equat ions are in t eg ra t ed  by using t h e  E u l e r  rectangular  
method and i n  backcast ing t h e  model t h e  so lu t ion  i n t e r v a l  is assigned a 
negat ive value. The backcasters argue that  a system dynamics model may 
be run  e i the r  forwards o r  backwards i n  time - a t  least theo re t i ca l ly .  
To t a k e  a simple example, cons ider  a given t r a j e c t o r y  of a v a r i a b l e  (P) 
represent ing  populat ion through time (t). 
T h i s  t r a j e c t o r y  is given by t h e  fol lowing d i f f e r e n c e  equation: 
where BR- b i r t h  rate and DR- death rate. The r e t r o d i c t i o n  of t h e  
v a r i a b l e  is given by: 
Pn = Pn+l - Pn+l(BR - DR)At eqn (2) 
O f  course some people - p a r t i c u l a r l y  members o f  t h e  modelling f r a t e r n i t y  
- may well o b j e c t  tha t  backcast ing is not  a valid technique, t h a t  it 
r e q u i r e s  a model t o  behave i n  a way tha t  t h e  real  world does not. From 
such a perspec t ive  as t h i s  backcast ing would appear to be nonsensical. 
Now, to be s u r e  the world cannot be run backwards - because of 
thermodynamic cons ide ra t ions  f o r  instance.  However, models are 
mathematical objects and i n  backcast ing one is attempting t o  explore  the  
pre-his tory which is c o n s i s t e n t  with the o r i g i n a l  starting values  o f  a 
model. Thus, given t h e  state variable conditions a t  time t - O  we could ask 
what were t h e  cond i t ions  a t  t i m e  t 4  which preceded it etc., thereby 
explor ing  t h e  view of h i s t o r y  pro jec ted  by t h e  model. For this reason it 
can be argued t h a t  we should  not reject t h e  claims of' the  backcasters 
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ou t  o f  hand; if  something cuts  a g a i n s t  t h e  g r a i n  of common sense then 
perhaps we should examine t h a t  g r a i n  - a t  t h e  very l e a s t  it may a id  t h e  
understanding of one's pos i t ion .  
There is another  and s t ronge r  reason too: t h i s  l i e s  i n  the  f ac t  t h a t  some 
- but  no t  a l l  - members of t h e  MIT group l a t e r  accepted t h a t  backcasting 
was a t h e o r e t i c a l  p o s s i b i l i t y  and d i f f e r e n t  model improvements were p u t  
forward i n  l i g h t  of a c e r t a i n  model ' e r ror '  which was uncovered by the 
SPRU backcast  of World 2. I n  any case, we are not  i n t e re s t ed  i n  judging 
who ~ d s  ' r igh t '  o r  'wrong' about  backcasting i n  any absolu te  sense. In 
o t h e r  words, it is no use at tempting t o  understand the  debate  by asking 
what was t h e  t rue pos i t i on  t o  take. Rather, we assume t h a t  each group 
holds  i t s  own b e l i e f s  on t h e  matter r a t i o n a l l y ;  therefore ,  what they each 
t ake  t o  be t h e  t r u t h  is t h e  focus of a t t e n t i o n  here. 
I n  fact, the re  are p r a c t i c a l  d i f f i c u l t i e s  with backcasting, I n  
p a r t i c u l a r ,  numerical e r r o r s  affect t h e  dynamic c a l c u l a t i o n s  and models 
may then generate spur ious  h i s t o r i e s .  However, Cole and Curnow argued 
t h a t  provided such e r r o r s  are s t r i c t l y  con t ro l l ed  (through t h e  use of a 
small - bu t  not too small - so lu t ion  i n t e r v a l )  backcasting can y ie ld  
usefu l  information about  a model.' For example, they found t h a t  World 2 
pred ic ted  anomalous populat ion f i g u r e s  when backcast  and from t h i s  they 
concluded t h a t  t h e  model was i n c o r r e c t l y  formulated. 
Cole and Curnow c l e a r l y  s a w  t h e  e r r a n t  populat ion f i g u r e s  as an  anomaly 
which chal lenged t h e  system dynamicists '  claim t h a t  t h e  model adequately 
represented t h e  g l o b a l  system. It a l s o  - i n  t h e i r  eyes - cast doubt upon 
t h e  m d e l ' s  post-2000 predict ions.  Subsequently they proceeded to  modify 
t h e  model. The members of t h e  System Dynamics Group d id  not share  t h e i r  
conclusions; i n  fact, some (bu t  no t  a l l )  r e j e c t e d  t h e  anomaly and they 
unanimously upheld t h e  model's p red ic t ions .  
Having b r i e f l y  discussed t h e  idea  of backcast ing VB w i l l  now cont inue 
with a ske tch  of t h e  h i s t o r y  of t h e  debate  which surrounded it, then we 
w i l l  d i s c u s s  Lakatos' work on counterexamples i n  mathematics before  
going on to use h i s  i d e a s  i n  o rde r  to ana lyse  t h e  debate  i n  more 
d e t a i l e d  terms. 
The debate  is recons t ruc ted  from t h e  p r i n c i p a l  exchanges in t he  
l i t e r a t u r e  between t h e  groups a t  MIT and SPRU. I n  r e a l i t y  the re  were of 
...................................................................... ' It should a lso  be noted t h a t  no t  al l  d i f f e r e n c e  equat ions can be 
backcast; f o r  example, the  SPRU team c i t e  t h e  case of Bessel's d i f f e rence  
equat ion f o r  c e r t a i n  parameter values. 
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course o the r  l e s s  formal i n t e r a c t i o n s  through the  media of personal 
le t ters  and meetings a s  p a r t  of t h e  o v e r a l l  SPRU c r i t i q u e  of t h e  system 
dynamics world modelling e f f o r t .  However, t h i s  paper w i l l  conf ine  i t s e l f  
t o  t h e  explanat ion of t h e  development of t h e  formal record.  I 
1.42 RISTORI OF TüE DEl3ATE 
I 
The controversy over backcasting o r i g i n a l l y  arose when Cole and Curnow 
noted t h a t  the World 2 model pro jec ted  a populat ion decrease between 
1900 and 1904 and subsequently suggested running t h e  model backwards 
before  1900 i n  order  t o  see where t h i s  t rend  had developed from. 
"Death rate is q u i t e  d i f f e r e n t  from t h e  h i s t o r i c a l  t r end  in t h e  v i c i n i t y  
of t h e  year  1900. One obvious th ing  t o  inves t iga t e ,  therefore ,  is what 
t h e  model has  t o  say about t h e  period before  1900." Cole and Curnow (96)  
Th i s  populat ion d i p  had not drawn much a t t e n t i o n  earlier because the 
output  from t h e  model had been presented i n  g r a p h i c a l  form with a r a the r  
crude sca le .  Although Forrester had a c t u a l l y  commented that  t h e  death 
rate a t  1900 was "equal t o  or g r e a t e r  than the b i r t h  rate", he implied 
tha t  it was due to i n c o r r e c t  i n i t i a l  cond i t ions  which caused a "small 
t r a n s i e n t  readjustment". 
"Such ques t ions  r a i s e d  by t h e  behavior of  a model system cause us t o  re- 
examine and improve t h e  model." For res te r (97)*  
Cole and Curnow argued t h a t  the model's mathematical r e l a t i o n s h i p s  were 
time r e v e r s i b l e  and t h a t  since t h e  c r e d i b i l i t y  of t h e  pred ic t ions  
produced by the model depended to a c e r t a i n  e x t e n t  upon its a b i l i t y  t o  
reproduce t r e n d s  between 1900 and 1970, extending its time scale 
backwards would provide the opportuni ty  for a better test of t h e  f i t  
between h i s t o r y  and model trajectories. 
S e t t i n g  t h e  solut ion in te rva l  t o  a negative value they found t h a t  the 
model r e t r o d i c t e d  an exponent ia l ly  growing populat ion which reached a 
value of some 3.9 b i l l i o n  by t h e  year  1880. (See Fig.5) I n  t h e i r  words: 
"The curves  are cur ious  - they seem t o  i n d i c a t e  t h a t  t h e  20th century 
l i e s  i n  t h e  af termath of a ca t a s t roph ic  populat ion collapse..." (98) 
Further ,  t h e  value of the po l lu t ion  v a r i a b l e  became negat ive  - due 
I n  t h e  l i g h t  o f  what was t o  fol low h i s  remark i a s  most s i g n i f i c a n t  for  
we sha l l  see t h a t  several d i s t i n c t  ways of improving it emerged. 
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p r i n c i p a l l y  t o  i n s t a b i l i t i e s  i n  t h e  numerical ca l cu la t ions .  However, it 
then a l s o  became e f f e c t i v e l y  de-coupled from t h e  r e s t  o f  t h e  system and 
d i d  not interfere w i t h  t he  c a l c u l a t i o n  of t h e  o the r  var iab les .  
Cole and Curnow argued t h a t  a t  low levels of i n d u s t r i a l i z a t i o n  t h e  model 
y i e l d e d  poor e s t ima tes  of dea th  rates; i n  p a r t i c u l a r  t h e y  contended t h a t  
one va r i ab le  - known as DRMM (dea th  r a t e  from material m u l t i p l i e r )  - 
overestimated the  death rate whenever material s tandard of l i v i n g  wds 
low. When backcast  t h e  l e v e l  o f  population becomes augmented by d e a t h s  
and depleted by births:  hence the e r r a n t  va lues  f o r  the death rates 
caused the  populat ion va lues  t o  grow exponent ia l ly  as t h e  model 
r e t rod ic t ed .  
DRMM is a weighting factor which adjusts  the death rate i n  accordance 
w i t h  t h e  level  of material s tandard o f  l i v i n g  - MSL - which is i tsel f  
related t o  t h e  l e v e l  of capital investment. Thus: 
DEATH RATE = P DRN DRFM DRCM DRPM DRMM equat ion ( 3 )  
where P is t h e  l e v e l  o f  population, DRN is a nominal value  f o r  crude 
d e a t h  rate and DRFM,DRCM,DRPM are o t h e r  weighting f a c t o r s  r ep resen t ing  
food consumption, crowding and po l lu t ion  respect ively.  Fig.6 (a) shows 
t h e  curve t h a t  had been chosen to rep resen t  DRMM=f(MSL). 
Cole and Curnow decided to experiment w i t h  t h i s  curve and subsequently 
constrained t h e  range of DRMM from 1.5 t o  0.5 in s t ead  of 3.0 to 0.5 as 
F o r r e s t e r  had done - Fig.6(b) shows the modified curve. ( I n t e r e s t i n g l y ,  
F o r r e s t e r  himself had suggested t h a t  t h e  curve might be somewhat too 
steep on the left-hand side.)  
T h i s  single modif icat ion enabled r e t r o d i c t i o n  of t h e  model beyond 1880 
to t h e  year  1850 (though o t h e r  v a r i a b l e s  a l s o  become negative by t h i s  
time, not due to numerical errors but  simply because t h e  w d e l  
t r a j e c t o r i e s  reach  zero  and then become negative). 
“If t h i s  v a r i a t i o n  h n  D R M d  is reduced t o  a factor o f  th ree ,  t h e  
pecu l i a r  behaviour o f  the  wde l  before  1900 disappears  and it is 
poss ib l e  t o  run  it back to before  1950.” Cole and Curnow (99)  
Back to 1850 t h e  populat ion h i s t o r y  of the  model remains q u i t e  p l a u s i b l e  
and when the model is run forward from 1850 it gene ra t e s  smooth 
population growth, Th i s  ceases i n  the 21s t  century and the subsequent 
f a l l  in the  level  of populat ion is due more to f a l l i n g  b i r t h  rate than 
increasing death rate as had been t h e  case with t h e  o r i g i n a l  model. Thus, 
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t h e  model's p red ic t ion  (on population a t  least)  was no longer a s  
pess imis t ic .  
O f  course, modifying t h e  DRMM m u l t i p l i e r  was not  t h e  only possible  way 
of enabl ing r e t r o d i c t i o n  wi th  World 2. I n  f a c t  t h e  SPRU team a lso  
suggested poss ib le  changes t o  t h e  l e v e l  o f  c a p i t a l  t ha t  is devoted to 
a g r i c u l t u r a l  production - by t h i s  means a high v a l u e  of DRMM due  to  a 
low l e v e l  of MSL may be compensated by a low value f o r  DRFM because of 
increased  food p e r  c a p i t a  (see equat ion (3) ) .  
T h e  main conclusions which  they drew were t h a t  For res te r ' s  guesswork i n  
i n i t i a l i z i n g  the  model was i n  e r ro r ,  and t h a t  it gave poor es t imates  for  
death rates whenever material s tandard of l i v i n g  was low - or i n  o ther  
words, t h a t  the  model was no t  c o r r e c t l y  formulated i n  t h i s  regard. They 
a l s o  advanced another  - and perhaps more s u b t l e  - point,which was t h a t  
had t h e  model been i n i t i a l i z e d  i n  1880 on the b a s i s  o f  Forrester ' s  
arguments i n  World Dynamics, then t h e  p r e d i c t e d  co l l apse  would occur 
some 20 years  earlier. S imi l a r ly ,  i f  i t  had been i n i t i a l i z e d  i n  1850 t h e  
co l l apse  would occur i n  19701 The reason f o r  t h i s  is t h a t  t h e  model 
e x h i b i t s  exponent ia l  growth wi th in  f ixed  limits: thus,  s t a r t i n g  t h e  
powerful growth f o r c e s  20 y e a r s  earlier br ings t h e  clash w i t h  those 
l i m i t s  forward too. Therefore,  seen as a p r a c t i c a l  and h e u r i s t i c  model 
tes t ing tool, t h e  ques t ions  r a i s e d  in t h e  contex t  o f  backcasting 
i l lumina ted  the model's i n c o r r e c t  i n i t i a l i z a t i o n ,  poor component 
formulation with regard to d e a t h  rates, and a l s o  threw l i g h t  onto its 
bas ic  behavioural  characteristics. These f i n d i n g s  r a i s e d  ques t ions  
about  t h e  rest o f  t h e  model, p a r t i c u l a r l y  i n  the l i g h t  of t h e  almost 
complete absence of empi r i ca l  da t a  i n  t h e  model and the con t rove r s i a l  
conclusions F o r r e s t e r  had drawn from it. 
However, t h e  r e s u l t s  from t h e  SPRU backcast were not e n t i r e l y  
conclusive.  The problem l ies in the fact  t h a t  SPRU d i d  not e x p l i c i t l y  
d i scuss  the p o s s i b i l i t y  o f  a confluence of h i s to r f e s :  t h e r e  could be 
many histories f o r  World 2 which a l l  converge on the 1900 s ta r t ing  
va lues  and t h e  SPRU backcast could the re fo re  be j u s t  one h i s t o r y  amongst 
them. A s  it turned out,  t h e i r  backcast was indeed genuine - t h a t  is, it 
had uncovered t h e  legitimate h i s t o r y  of World 2 - b u t  le t  us leave t h e  
reasons f o r  t h i s  t o  be d iscussed  i n  greater d e t a i l  later. For t h e  moment, 
le t  us cont inue  by cons ider ing  t h e  imp l i ca t ions  o f  t h e  SPRU backcast and 
how the MIT group responded it. 
According to Forres te r ,  a good model is d i s t i n g u i s h a b l e  from a bad one 
i n  t h e  extent t o  which it "captures  more of t h e  essence of t h e  social  
system t h a t  it p resumes  t o  represent"  loo. Further ,  he states: 
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"Given the  assumptions about  how d i f f e r e n t  par ts  of a complex system 
a f f e c t  each other ,  t h e  computer can t h e n  t r a c e  t h e  operat ion of the 
system through time. I t  can ca r ry  through t h e  a r i t hme t i c  tasks and 
fol low the rules of behavior a s  se t  down i n  t h e  model descr ip t ion .  The 
computer gives t h e  c o r r e c t  impl ica t ions  of t h e  assumptions t h a t  went  
i n t o  t h e  cons t ruc t ion  of t h e  model." (101) 
Now, t h e  d i p  i n  populat ion between 1900-1904 and t h e  re t rodic ted  
population for  1880 of more than 4 b i l l i o n  are su rp r i s ing  features of 
t h e  model's behaviour and r ep resen t  anomalies which must u l t ima te ly  be 
explained. They are anomalous because they c o n f l i c t  w i t h  genera l ly  
accepted h i s to ry ;  pu t  another  way, pre-1900 h i s t o r y  and the  period 
between 1900-1904 are o u t s i d e  t h e  scope of World 2. Therefore, it cannot 
be accepted t h a t  t h e  model cap tu res  t h e  "essence" of t h e  g loba l  system; 
or a t  least there could be an improved model which captured more of i t s  
essence. 
The r e a c t i o n s  t o  t h e  anomalies from t h e  System D y ~ m i c s  Group provide 
arguments which can be  seen a s  embodying d i s t i n c t  s t r a t e g i e s  f o r  coping 
w i t h  them. These responses  are not strategies i n  t h e  sense of d e l i b e r a t e  
moves t o  avoid or s i d e s t e p  problem,  but are rather  examples of t h e  
almost unconscious, ingra ined  - though r a t i o n a l  - r e a c t i o n s  which a t t end  
a p a r t i c u l a r  s t y l e  o f  thought. Later we w i l l  analyse these  responses i n  
terms of Lakatos' i d e a s  aba i t  how mathematicians cope with 
counterexamples i n  the hope tha t  they w i l l  i l l umina te  t h e  n a t u r e  of t h e  
model modi f ica t ions  proposed by SPRU and t h e  system dynamicistslOz. 
The response from MIT was n o t  uniform; i n i t i a l l y  it was unequivocal, with 
t h e  backcast  being t o t a l l y  re jec ted .  Later, however, the response from 
o t h e r  members of the  group was more measured and t h e  backcast was seen 
to  be  genuine, though t h e  nodel's p red ic t ions  were still upheld. 
The first response cam from Meadows e t  a l  who denounced the  SPRU work 
on backoasting for a number of technical and other reasons. For instance, 
they argued t h a t  reversing t h e  so lu t ion  time increment "must r a d i c a l l y  
a l ter  the e n t i r e  dynamic character of t h e  modei"103, that normally 
i n s i g n i f i c a n t  e r r o r s  would tend t o  accumulate - with model elements 
exh ib i t i ng  "completely spu r ious  excursions". They charged t h a t  t h e  SPRU 
backcast  was such an excursion: 
"The discovery of one such excursion i n  t h e  World 2 population is c i t e d  
as a n  imperfect ion of t h e  model. I n  fact, the World 2 population will 
a l s o  explode under reverse s imulat ion from many different  s t a r t i n g  
points .  For example, i f  t h e  mdel  is i n i t i a l i s e d  i n  1940 w i t h  
c h a r a c t e r i s t i c  values for t h a t  date ,  and run backwards, population 
explodes by t h e  y e a r  1920. S i n c e  World 2 does no t  always backcast its  own 
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behaviour, should w e  conclude t h a t  World 2 is not  even a good model of 
World 2?" Meadows(l04) 
For these  and other reasons t h e  MIT group s a w  backcasting as "completely 
meaningless"". However, a s i d e  from t h e  above p o i n t s  - which undoubtedly 
have some relevance to t he  problem of backcast ing - i r r e l e v a n t  f a c t o r s  
were a l s o  c i t ed .  For example, Meadows argued t h a t  delayed r e l a t ionsh ips  
would b e  asymmetric i n  time and t h a t  any s t o c h a s t i c  i n f luences  on the 
model's behaviour i n  t h e  forward d i r e c t i o n  would not be recaptured when 
it was backcast. These p o i n t s  are i r r e l e v a n t  t o  t h e  case because the 
World 2 model d id  not  con ta in  any e x p l i c i t  de l ays  nor d id  it conta in  any 
p r o b a b i l i s t i c  func t ions  - i n  fact t h e  p r e d i c t i o n s  of a system dynamics 
model are completely determined by t h e  choice  of i n i t i a l  values. 
F ina l ly ,  Meadows concluded: 
"Running a system dynamics model backwards t e l l s  us nothing about the 
model's u t i l i t y  i n  understanding t h e  world. The meaning Sussex 
au tomat ica l ly  a s s igns  t o  backcast ing i l l u s t r a t e s  the inf luence  of 
a n a l y t i c a l  h a b i t s  gained i n  t h e  contex t  of s u b s t a n t i a l l y  d i f f e r e n t  
k inds  of models. The Sussex au tho r s  suggest  it is important "to examine 
t h e  great ca t a s t rophe  of 1880" i n  World 2. We be l i eve  it is more 
important  to first understand t h e  re la t ion between t h e  mathematical 
p r o p e r t i e s  of mult i loop  feedback models and the dynamic a t t r i b u t e s  of 
real world system."  ( 105) 
Now, arguably t h e  main plank i n  t h e  MIT r e t o r t  was t h e  charge t h a t  the 
SPRU backcast  merely uncovered a spur ious  h is tory .  Whilst SPRU d i d  
accep t  t h e  p o s s i b i l i t y  of spu r ious  excurs ions  - as w e  noted earlier - 
they argued t h a t  if e r r o r s  were kept  under t i g h t  c o n t r o l  t h i s  need not 
be a problem and t h a t  wh i l s t  t h e  M I T  backcast  from 1940 t o  1920 wa8 
uns tab le  because o f  numerical  e r r o r s  in the computation, their own 
backcast  exploded because of wrong assumptions i n  t h e  model. 
In a later ar t ic le  by another  member of t h e  MIT System Dymmlcs Group - 
Wríghtl06- whose own response will be d e a l t  with in d e t a i l  ahor t ly ,  it 
was accepted t h a t  t h e  SPRU backcast  was indeed unique : i t  "had shown the  
legitimate predecessor  state of t h e  model". This  h a s  also been 
corroborated by Erickson and PikullO7 (of t h e  Naval Underwater Systems 
Centre, Newport USA.) who thought t h a t  backcast ing i a s  a leg i t imate  
technique, t h a t  a l l  models should be expected to have r e a l i s t i c  
Meadows d id  acknowledge though t h a t  i f  t h e  1940 values  were entered 
with extreme accuracy ( i.e. i n  error by less than  0.001%) then the  model 
would backcast over  l imi t ed  ranges. However, he f u r t h e r  noted that t h e  
approximation errors in t h e  computer simulation language used with 
system dynamics models - Dynamo - were of t h e  same order  o f  magnitude. 
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h i s t o r i e s .  
"With t h i s  a r t i c l e ,  uhich shows how a l l  ob jec t ions  can  be dismissed or 
bypassed, we would l i k e  to r e t u r n  backcasting t o  the  armamentarium of 
those who test and develop g loba l  models." Erickson and P i k u l  (108)  
To show t h a t  a confluence of h i s t o r i e s  does not  occur they computed a 
s e r i e s  of d i f f e r e n t  m d e l  t r a j e c t o r i e s  between 1880 and 1900 based upon 
a wel l -d is t r ibu ted  set of s ta r t ing  va lues  near  t o  the  1880 va lues  
der ived from t h e  SPRU backcast. 
"We found that no o t h e r  nearby h i s t o r i e s  came c lose  t o  matching 
Forres te r ' s  model a t  1900." (109) 
Fur the r  l i g h t  on t h i s  matter can be shed by a comparison of crude b i r t h  
and d e a t h  rates a s  func t ions  of MSL. Fig.7 shows t h a t  ( o t h e r  t h i n g s  being 
equal )  as MSL decreases the  crude  death rate rises much more sharply 
than  t h e  b i r t h  rate - and i n  f a c t  i nc reas ing ly  90. Thus, when backcast ,  
the l e v e l  of c a p i t a l  investment falls  - followed by MSL - and ao the 
populat ion begins  t o  explode. 
Although Wright accepted the legi t imacy o f  t h e  SPRU backcast, he d i d  not  
accep t  t he i r  conclusions wi th  regard to Forres te r ' s  model. Whilst 
acknowledging t h a t  backcasting w i t h  system dynamics was indeed 
t h e o r e t i c a l l y  poss ib le ,  and providing an example of a simple system 
dyriamics model which uould r e t r o d i c t  unproblematically,  Wright argued 
tha t  p r a c t i c a l  d i f f i c u l t i e s  l imi t ed  its use fb lness  and he  viewed t h e  
SPRU backcast as "lucky" i n  t h i s  respect. 
"A r e t r o d i c t i v e  test o f  Forres te r ' s  World Dynamics ... is shown to have 
found, f o r t u i t o u s l y  an incons is tency  i n  the model, but  t o  have drawn 
i n c o r r e c t  conclusions abwt  the importance of t h a t  defect f o r  h t u r e  
behaviour and pol icy  alternatives, to have suggested inappropr ia te  and 
incomplete model improvements, and to have added nothing to 
understanding of t h e  model." Wright( l10)  
In order  to t r y  and so lve  the d i f f i c u l t i e s  w i t h  t h e  World 2 mdel he 
began by changing the 1900 i n i t i a l  cond i t ions  f o r  c a p i t a l  investment; 
however, desp i t e  t h e  fact tha t  the model t hen  exhib i ted  smooth growth 
from 1900 i n  a forwards d i r e c t i o n  and y ie lded  trajectories c l o s e  to t h e  
o r i g i n a l  ones, t h e  model still would not r e t r o d i c t  s a t i s f a c t o r i l y .  He 
then turned h i s  a t t e n t i o n  to the model's formulation. 
Though admitting tha t  something was wrong w i t h  the model, he r e j ec t ed  
the a c t u a l  SPRU modif ica t ion  o f  t h e  DRMM function. Instead,  he altered 
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t h e  range of DRMM from 2.4 t o  0.5 ( see  Fig.b(c)).  He based  h i s  argument 
f o r  t h i s  on t h e  f a c t  t h a t  t h e  model misbehaved when WL<0.25; t h e  SPRU 
modif icat ion a l t e r e d  DRMM throughout t h e  i n t e r v a l  O(MSL<0.5 whilst h i s  
was r e s t r i c t e d  to  O<MSL<0.25. I n  addi t ion ,  he a l s o  chose to  w d i f y  
another  var iab le ,  one which inf luences  c a p i t a l  investment rates. H i s  
purpose i n  doing so was t o  slow down t h e  model's growth i n  c a p i t a l  
investment, when ML<0.25; t h e  e f f e c t  of t h i s  was t o  overcome the problem 
pointed ou t  by SPRU w i t h  regard to the t iming of t h e  model's col lapse.  
The ques t ion  as he saw it was: 
"can these assumptions be modified to suppor t  reasonable  1880 values  
without  damaging predic ted  fu tu re  t r e n d s . " ( l l l )  
I n  extending the  modif icat ion of DRMM over  a l a r g e r  i n t e r v a l  t h e  SPRU 
team had a l s o  a l t e r e d  i t s  va lues  for post-1900 computations and indeed, 
t h i s  accounts  for t h e  less pess imis t i c  post-2000 trajectories. I n  
chal lenging t h e i r  modif icat ion Wright asser ted :  
"It may be t h a t  t h e i r  formulation is cor rec t ;  bu t  it c e r t a i n l y  does n o t  
fol low t h a t  a discrepancy observed i n  t h e  1880-1900 range of operat ion 
(HsL<0.25) demands revising t h e  formulation i n  o t h e r  ranges." (112) 
Beginning with "reasonable" 1880 values,  Wright argued t h a t  h i s  modified 
model passed "close" t o  For re s t e r ' s  1900 va lues  and mapped a u t  a path 
"very similar" t o  t h e  o r i g i n a l  World 2. 
A second reason why Wright r e j e c t e d  t h e  SPRU modif icat ion and t h e  
conclusions they d r e w  concerning World 2 was grounded i n  h i s  d i f f e r e n t  
view of model purpose: 
"A model need be accu ra t e  only for ranges of opera t ion  over  which it 
w i l l  be  exercised...A nonl inear  model w i l l  r e t r o d i c t  its r e f e r e n t  system 
if its formulation is reasonable  for t h e  range of opera t ion  t h a t  occurs 
i n  t h e  earlier period. It is poss ib l e  for a uodel b u i l d e r  to choose, 
r a t i o n a l l y  and d e l i b e r a t e l y ,  component formula t ions  accu ra t e  over the 
opera t ing  mode occuríng after a starting p o i n t  bu t  inaccurate i n  ranges 
expected before  t h a t  i n i t i a l  time. The model cannot be  f a u l t e d  if i t  
remains i n  t h e  acceptab le  opera t ing  range." (113). 
A similar pos i t i on  was t aken  by B r i t t i n g  ( a l s o  from t h e  MIT group) l14. 
He too s a w  backcasting as t h e o r e t i c a l l y  poss ib l e  but  thought t h a t  models 
were cons t ruc ted  only ''to be v a l i d  wi th in  a p a r t i c u l a r  time span of 
in t e re s t " .  Further ,  both B r i t t i n g  and Wright pointed o u t  t h a t  F o r r e s t e r  
This last sentence could be  i n t e r p r e t e d  to mean t h a t  t h e  m d e l  was i n  
fact  un fa l s i f i ab le !  
112 
id h imsel f  noted the  erroneous s t a r t i n g  behaviour of World 2; however, 
2 s h a l l  argue la ter  t h a t  t h e  two groups d i d  no t  perceive the - same e r r o r  
J t  rather, d i f f e r e n t  e r r o r s  were s o c i a l l y  constructed.  
n 1974 Forrester115again made re ference  to t h e  misbehaviour of  h i s  
iodel a t  t h e  s tar t  of i t s  simulation. He suggested that  t h e  model was 
.ncor rec t ly  i n i t i a l i z e d  and recommended changing i ts  i n i t i a l  values; 
leaving the  va lue  for population, c a p i t a l  investment, po l lu t ion  and 
n a t u r a l  resources  a t  t h e  previous l e v e l s  he argued t h a t  t h e  value of 
CIAF - which r ep resen t s  t h e  f r a c t i o n  of c a p i t a l  devoted t o  a g r i c u l t u r e  - 
should be increased from 0.2 to 0.4. However, whilst t h e  t r a j e c t o r i e s  of  
t h e  o t h e r  v a r i a b l e s  mimic those of t h e  o r i g i n a l  model (except  t h a t  
populat ion no longer  d i p s  between 1900-1904) t ha t  for CIAF decreases for 
t h e  first 37 yea r s  before following a path similar to t h e  one of t h e  
original. Though Forres te r ' s  conclusions remained the same he  d id  not 
offer any hypothesis  t o  account for (nor  d i d  he  even note)  t h e  pecul ia r  
behaviour of t h i s  var iab le .  
Moreover the re  is a c t u a l l y  a more c r u c i a l  p o i n t  t o  be noted here, for  
Wright too had accepted Forres te r ' s  a s s e r t i o n  t h a t  t h e  o r i g i n a l  model 
MS no t  c o r r e c t l y  i n i t i a l i s e d .  But he  chose to a l te r  t h e  i n i t i a l  value 
of c a p i t a l  investment. The obvious quest ion then, is what is t h e  set  o f  
correct i n i t i a l  va lues  for t h e  model? Further ,  if both changes are 
tenable ,  then  why could t h e  f a u l t  no t  equal ly  ï i e  w i t h  the formulation 
o f  t h e  model i t s e l f ?  I n  fact, the re  may be numerous combinations of 
i n i t i a l  va lues  or, equal ly ,  numerous parameter formulat ions which could 
r e s u l t  i n  smooth populat ion growth from 1900 onwards. T h i s  throws i n t o  
sharp  relief t h e  dilemiia and problematical  n a t u r e  of g loba l  modelling of 
t h i s  kind, f o r  without  basing such models on an adequate empir ical  
foundat ion we have no way of choosing ihether to a l t e r  t h e  i n i t i a l  
values,  or modify t h e  parameters such as DRMM which SPRU had done, and 
y e t  the p r e d i c t i o n s  o f  t h e  model may be  q u i t e  sens i t ive  to such changes. 
In 1976 F o r r e s t e r  arguedl 16that backcasting was "apt t o  b e  meaningless" 
unless  very  s p e c i a l  cond i t ions  were fulf i l led.  Though cit ing the work of 
SPRU h e  d i d  not  acknowledge any achievement o r  v a l i d  criticisms on their 
behalf .  Ins tead ,  h e  referred to €Witting's paper where it was argued tha t  
backcasting d id  not  reveal anything use fu l  a b m t  the model. 
A t  t h i s  po in t  it would seem appropr i a t e  to sumiiarise t h e  main features 
o f  t h i s  debate. 
T h e  groups a t  MIT and t h e  SPRU d i f f e r  d i s t i n c t l y  with regard to the  
basis and u t i l i t y  of backcasting. There are a l s o  som di f fe rences  
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amongst t h e  system dynamicis ts  themselves,  though they a r e  u n i t e d  i n  
t h e i r  agreement t h a t  t h e  SPRU backcast  d id  not  i n v a l i d a t e  Forres te r ' s  
conclusions.  Other  groups were also for or against  backcasting; e.g. 
Erickson and Pikul  were f o r  t h e  technique. Another modeller - Brewer - 
was against117. 
Or ig ina l ly  the  MIT group s a w  t h e  backcast  as meaningless and i r r e l e v a n t  
bu t  la ter  Wright and B r i t t i n g  s a w  it a s  leg i t imate .  Thus, t h e  debate 
s h i f t e d  from one of whether the  SPRU backcast  was l eg i t ima te  to a 
cons idera t ion  of i ts impl ica t ions  t o g e t h e r  with poss ib l e  improvements 
t o  World 2. Again, t h i s  s h i f t  underscores  our  pos i t i on  t h a t  t h e  ultimate 
v a l i d i t y  of backcasting is not  r e l e v a n t  t o  ou r  understanding of t h e  
debate. 
Given t h a t  t h e  model was supposed to cap tu re  the essence of t h e  g loba l  
system, t h e  backcast  represented  an anomaly uhích  needed an explanation. 
S imi l a r ly ,  t h e  behaviour o f  t h e  model between 1900-1904 was a l s o  
anomalous. 
Each group holds  a d i f f e r e n t  view of t h e  purpose of a model and what 
should be  expected from it. 
The SPRU o f f e r e d  a simple modif icat ion oP t h e  DR" parameter which i a s  
r e j e c t e d  by Wright in Pavair of a less 'extreme' modif icat ion toge ther  
with a modif icat ion of a parameter influencing c a p i t a l  investment. 
F o r r e s t e r  thought t h a t  the 1900-1904 population d i p  i a s  due to  i n c o r r e c t  
i n i t i a l i z a t i o n  b u t  h i s  modified set of i n i t i a l  values were d i f f e r e n t  to 
those of Wright. Thus even wi th in  the MIT group the re  -re d i f f e r e n t  
p o s i t i o n s  on p r e c i s e l y  how t h e  model should be  modified. 
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3 ANOnBLIES AND STRATEGIES POR COPING YIW WW 
In order to understand the different moves within the backcasting debate 
we need some concepts about how anomalies are dealt with. These are 
provided by Lakatos in his analysis of strategies for dealing with 
counterexamples to a mathematical conjecture. By utilising Lakatos' 
conceptual scheme we will be better able to comprehend the different 
strategies pursued by SDG and SPRU and thereby flesh out their 
respective thought styles. 
In his book 'Proofs - and Refutations"18Lakatos set out to describe the 
logic of mathematical discovery. A fundamental tenet of his position was 
that mathematicians did not discover different domains of some pre- 
existing mathematical universe; rather, they invented them - he viewed 
mathematics as the product of social 'negotiations', of argument and 
counterargument between different groups. This did not mean that 
mathematicians could invent anything but rather that mathematics was 
logically underdetermined. To illustrate his view of mathematics he took 
the example of the controversy surrounding the Euler-Descartes 
conjecture and polyhedra. This conjecture states that the relationship 
between the number of edges, vertices and faces of a polyhedron is given 
by the formula: 
V - E + F = 2  equation ( 4 )  
where V,E, and F represent vertices, edges and faces respectively. 
Lakatos discusses how various mathematicians adopted different 
attitudes towards polyhedra and counterexamples to the Euler-Descartes 
conjecture. At one extreme some thought that the conjecture captured the 
essence of all real polyhedra; at the other were those who saw the 
conjecture rather as a statement about those objects which were 
conventionally ascribed the status of a polyhedron (i.e. that met some 
definitional convention). In the face of putative counterexamples, 
different mathematicians consequently embarked upon disparate 
strategies in order to deal with them. Ultimately, these strategies 
reflected different styles of thought and they lead to different 
contents in mathematical knowledge. We will now proceed by giving a very 
brief and much simplified account of some of the strategies discussed in 
Lakatos' analysis before employing them to understand the moves within 
the backcasting debate. 
First of al1,imagine that we have some conjecture and a suggested proof 
f o r  it. What are we to do i f  someone proposes an anomaly or 
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counterexample? Such a case may be either local, global, or  both a local 
- and global counterexample, by which Lakatos meant a counterexample which 
refutes specific lemmas in the proof, the conjecture, o r  both 
respectively. Local counterexamples usually give rise to the refinement 
of lemmas in the proof, but with global cases the responses are more 
complex. Looking at the history of the dispute surrounding the Euler- 
Descartes conjecture, Lakatos distinguished several distinct approaches 
for dealing with such counterexamples but here we will only consider the 
fou r  major possibilities. 
Firstly, there is the strategy of monster barring in which the 
counterexample is declared to be a monster or  "pathological" case: it is 
said to be of no significance because it does not fit the definitions 
embedded in the proof. For example, in the case of the Euler-Descartes 
conjectwe some mathematicians proposed counterexamples which adherents 
of the conjecture refused to accept as genuine polyhedra. This strategy 
often evokes shifting definitions. 
A second and more sophisticated strategy is to accept the counterexample 
as genuine but to make a distinction between the 'correct' domain of 
application of the conjecture and the counterexample - which is thought 
to fall outside it. Other defining lemmas are added to the proof and 
though the conjecture's domain becomes restricted its underlying 
validity emerges intact. This strategy is called exception barring. The 
re-drawing of the domain is, however, ad hoc, for it only depends on the 
particiular counterexample and is no guarantee against there being 
others within the new domain. 
A third strategy - one which is related to the last - is that of monster 
adjustment. Here, the counterexample is 'adjusted' by arguments which 
disinvest it of its threatening potential for - it is asserted - when 
seen in 'correct' terms o r  from the vantage point of the 'right' 
perspective it is no longer a monster at all. I n  fact, certain 
mathematicians - again when presented with a counterexample to the 
Euler-Descartes conjecture - suggested that there were hidden edges 
(etc.) which only those with a trained eye could see. When these were 
taken account of the conjecture was upheld. 
Finally, there is the strategy of proofs and refutations in which 
counterexamples are welcomed and used to improve the conjecture. By 
inspecting the proof, a lemma which conflicts with a counterexample is 
incorporated into the conjecture ; thus counterexamples are assimilated 
and the conjecture becomes restricted to the domain of the errant lemma 
which any given counterexample challenges. 
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Before we proceed any further we must acknowledge the difference between 
Lakatos' mathematical example, the case of modelling and the backcasting 
debate. However, we contend that the applicability of his scheme in our 
analysis can be defended on at least two counts. Firstly, Lakatos raised 
the issue of the strategies in his discussion of physics: he saw 
structural similarities between mathematics and experimental science 
and indeed, his Methodology of Scientific Research Programme~'~9may be 
seen as 'proofs and refutations' applied to the history of physics. (The 
latter point is also mentioned by Feyerabend120.) This similarity can be 
more easily grasped if we consider the following comparison: 
MATHEMATICS EXPERIMENTAL SCIENCE 
conjecture conjecture=hypothesis 
proofzembedding conjecture corroborating experiment-embedding 
in basic statements hypothesis in a set of basic 
statements 
The different strategies found within mathematics are considered to be 
part of scientific research programmes too: such programmes comprise 
negative and positive heuristics, progressive and degenerate 
problemshifts etc., which have parallels in Proofs and Refutations. In 
other words, the strategies described by Lakatos were not seen as being 
exclusive to the domain of mathematics but were construed as rather 
general properties of intellectual and methodological thinking. 
Now, we would place modelling between the two poles of mathematics and 
experimental science - which if accepted, supports our use of Lakatos. A 
second reason is that we have no evidence against using Lakatos' scheme 
for the case of modelling. 
We stated earlier that the backcast undertaken by SPRU had generated an 
anomaly and it is suggested that the debate which ensued contains 
similar strategies to those identified and described by Lakatos. The 
basis for drawing this parallel can be further substantiated if we 
reflect for a moment upon the mathematical 'game' that Lakatos was 
describing. 
For Lakatos, conjectures and proofs are closely related. A conjecture 
can be seen as a statement about a given class of objects, whilst a proof 
procedure can be viewed as a series of sub-conjectures (or lemmas) 
derived from the main conjecture. (In fact Lakatos regarded a proof as a 
thought experiment for proving a conjecture.) Following Feferman121, the 
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Euler-Descartes conjec ture  can be  wr i t t en  as follows: 
where A r ep resen t s  c e r t a i n  condi t ions  and B is a conclusion. Thus, f o r  
a l l  ob jec t s  (XI, f o r  which the  condi t ions  A are met, t h e n  t h e  conclusion 
B is t r u e  - i.e. the  formula holds.  Conversely, given an ob jec t  (x), if A 
and B are t r u e  then the  ob jec t  must be a polyhedron. The condi t ions  - A - 
a c t u a l l y  var ied  during the  h i s t o r y  of the  controversy,  b u t  one example 
was the  requirement of convexivity.  Thus, conjec tures  can be seen as  
statements about t h e  c l a s s i f i c a t i o n  of objects :  a conjec ture  embodies a 
c l a s s i f i c a t o r y  scheme. Following t h i s  l i n e  of reasoning, anomalies can 
be seen as ob jec t s  which v i o l a t e  a s y s t e m  of c l a s s i f i c a t i o n s .  
Turning t o  the  world s imula t ion  model we can see t h a t  t he  t r a j e c t o r i e s  
mapped ou t  for t h e  s ta te  v a r i a b l e s  are a form of conjec ture  about the 
behaviour of the  world system. However, the  focus on the  world is only 
one p a r t i c u l a r  i n s t ance  of t h e  app l i ca t ion  of system dynamics - which 
For re s t e r  claims is a general systems theory ( i.e. i t  is app l i cab le  t o  
"all  systems t h a t  change through time"). Thus, l e t  us consider  t he  
conjecture ,  subconjec tures  and proof which I take t o  be analogous t o  
Lakatos' case. 
(Alcon jecture:  f o r  a l l  systems (x )  t h a t  change through time, t h e i r  
behaviour is given by t h a t  of the i r  referent system 
dynamics system 
(Blsub-conjecture: t h e  behaviour of the  world is given by i ts  r e f e r e n t  
system dynamics system 
(Clsub-conjecture: t h e  behaviour mode of t h e  world system is 
exponent ia l  growth followed by co l l apse  
(Dlproof of ( B )  and (C): t h e  s imula t ion  e x e r c i s e  with WORLD 2 
The r e f e r e n t  system dynamics system is t h a t  system which is cons t ruc ted  
t o  represent  ( X I  i n  accordance w i t h  the  p r i n c i p l e s  of system dynamics. 
Now, conjec ture  ( A l  is what I take t o  be u l t ima te ly  a t  s t a k e  i n  t h e  
debate  i n  t h e  sense  t h a t  it i s  t h e  basis of t h e  system dynamicists'  sense 
of proper order.  (B) embodies t h e  claim t h a t  t he  world is a system t h a t  
belongs t o  the  class of systems spec i f i ed  i n  ( A )  and the re fo re  its 
behaviour is given by its referent system. (Cl is a sub-conjecture about 
t he  behaviour of the  world system which stems from the  a l leged  
p r o p e r t i e s  of  a l l  feedback systems. Thus ,  ( A ) ,  (E) and (Cl a r e  concerned 
w i t h  t h e  c l a s s i f i c a t i o n  of t h e  world as a system which is descr ibable  by 
system dynamics and has t h e  p r o p e r t i e s  of  a feedback system - a s  w i t h  
Lakatos then, t h e  debate  con ta ins  a problem of c l a s s i f i c a t i o n .  
The world modelling e x e r c i s e  i s  not concerned s o  much w i t h  ( A )  or  (B) - 
t h e  long experience and l abora to ry  p r a c t i c e  t e l l s  t h e  MIT team t h a t  
t h e s e  must hold, they a r e  almost self-evi.dent. Rather the  exercise  
centres on t h e  ques t ion  of how t h e  world behaves: MIT b e l i e v e  t h a t  i t  is 
undergoing exponent ia l  growth and w i l l  experience "overshoot and 
collapse".  The sub-conjecture (C) is of t h e  form 
there ex i s t s  a system ( x ) ,  which given cond i t ions  A (e.g. exponential  
growth wi th in  a system conta in ing  negat ive  feedback),  w i l l  overshoot and 
c o l l a p s e  
This  can be  seen t o  be a p a r t i c u l a r  i n s t ance  der ived from a s ta tement  of 
t h e  form of equat ion ( 5 )  
which is t h e  gene ra l  format of t h e  con jec tu res  s tud ied  by Lakatos and 
t h e r e f o r e  b r ings  us back t o  a problem of  c l a s s i f i c a t i o n  aga in  - i.e. does 
t h e  world sys tem belong t o  t h e  class of  systems (given A )  for which B i s  
true. I n  t h i s  ca se  we contend t h a t  t h e  implied d e r i v a t i o n  is l e g i t i m a t e  
because MIT are not of course j u s t  d e f e n d i n g  one par t icular  set of 
t r a j e c t o r i e s ;  r a t h e r ,  they are defending a sense of  proper order  
concerning t h e  behavioural  p r o p e r t i e s  of feedback systems . 
Turning to  t h e  proof,  t h i s  we t a k e  t o  be t h e  simulation e x e r c i s e  wi th  t h e  
model. The exercise of s imula t ion  is an a t t empt  t o  reproduce a r e f e r e n t  
system dynamics system and simulate i t s  behaviour on a computer. I n  
analogy with Lakatos' thought experiment, s imula t ion  is an o rde r ly  
exercise which a t tempts  t o  show t h a t  (B) and (C) hold - f o r  MIT, 
s imula t ion  r e p r e s e n t s  a l abora to ry  experiment. It a l s o  r e f l e c t s  upon ( A )  
bu t  doesn't prove it. The s imula t ion  e x e r c i s e  can be seen as a series of 
sub-conjectures  der ived from (B) or  (C); it is used e i t h e r  t o  show t h a t  
t h e  model ( t h e  r e f e r e n t  s y s t e m )  does capture  t h e  "essence" of t h e  real 
I n  f a c t ,  i t  may be t h a t  many o t h e r  forms of conjec ture  could be t r e a t e d  
i n  t h i s  way. If so, i t  could open up many debates  t o  t h e  Lakatosian 
approach. 
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sys t em because  i t  d e s c r i b e s  i t s  behav iour ,  o r  t o  show t h e  e x p o n e n t i a l  
growth fo l lowed  by o v e r s h o o t  and c o l l a p s e .  I n  fact ,  ( B )  must be t aken  a s  
p a r t  of t h e  'proof '  of ( C ) .  MIT a t t e m p t  t o  p rove  ( C )  by a series of 
s i m u l a t i o n s  which p u r p o r t  t o  show t h a t  even w i t h  a wide range of 
a l t e r n a t i v e  a s s u m p t i o n s  and p o l i c i e s  t h e  world system s t i l l  faces 
c o l l a p s e .  The p o r t i o n  o f  t h e  ' s t a n d a r d  run' 1900-1970 which a l l e g e d l y  
r e p r o d u c e s  h i s t o r i c a l  t r e n d s ,  s t a n d s  as t h e  'proof '  of (B). 
r ( c )  CONJECTURE 
PROOF L (B) + 1970-2100 SIMULATIONS 
r (B) CONJECTURE 
PROOF L 1900-1970 SIMULATION 
N e c e s s a r i l y ,  g i v e n  t h e  above, we make a d i s t i n c t i o n  between the  WORLD 2 
model c o n s i d e r e d  a s  a f o r m a l  sys t em - t h e  referent system - and 
p a r t i c u l a r  s i m u l a t i o n s  w i t h  it. The r e f e r e n t  sys t em i n c o r p o r a t e s  a l l  t h e  
r e l a t i o n s h i p s  and p a r a m e t e r s  used i n  d e s c r i b i n g  t h e  i n t e r a c t i o n s  
between t h e  s ta te  v a r i a b l e s  (i.e. the l e v e l s  and rates); i t  c a p t u r e s  t h e  
'essence '  of t h e  real system. F o r r e s t e r  a r g u e s  t h a t  any sys t em can be 
r e p r e s e n t e d  by o n l y  two t y p e s  o f  v a r i a b l e s  - levels  and rates - l i n k e d  
i n  a s t r u c t u r e  of feedback loops.  Levels are a c c u m u l a t i o n s  or  
i n t e g r a t i o n s  w i t h i n  t h e  sys t em and ra tes  are f l o w s  which cause t h e  
l eve ls  t o  change. Thus, n o t  o n l y  is i t  claimed t h a t  t h e  referent system 
dynamics sys t em can g e n e r a t e  t h e  same behav iour  as t h e  sys t em ( X I ,  b u t  
i t  also h a s  t h e  same p r o p e r t i e s  - i.e. t h o s e  o f  a complex sys t em such as 
an e q u i l i b r i u m  s e e k i n g  nature. A t  t h e  h e a r t  of t h i s  n o t i o n  is t h e  tenet ( 
which t h e  system d y n a m i c i s t s  t a k e  to be t r u e )  t h a t  sys t ems  are real 
world e n t i t i e s . T h i s  tenet is n o t  j u s t  a p r a c t i c a l  metaphor f o r  i t  g ives  
s u b s t a n c e  t o  t h e  system dynamic i s t s '  c o n c e p t i o n  of t h e  world. System 
dynamics models are n o t  p o s i t e d  as b l a c k  boxes which mere ly  m i m i c  some 
obse rved  behaviour;  r a t h e r ,  t h e y  are meant t o  c a p t u r e  the essence of t h e  
'real' s y s t e m  generating t h a t  behaviour .  
"What s t r u c t u r e s  are c a p a b l e  o f  g iv ing  t h e  b e h a v i o r  modes t h a t  
c h a r a c t e r i z e  real- l i fe  systems." F o r r e s t e r ( l 2 2 )  
I n  o t h e r  words, sys t em dynamics is n o t  so much a n  e p i s t e m o l o g i c a l  
framework b u t  r a t h e r  an i m p l i c i t  ontological statement a b o u t  t h e  world. 
A l l  of t h e  a s sumpt ions  i m p l i e d  by t h e  referent system are c o n s i d e r e d  
s u b c o n j e c t u r e s  w i t h i n  the  'proof'. The model i n  t h e  s i m u l a t i o n  is 
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1 discrete and approximates to the real and referent systems which are of course continuous; there is no analytical solution for  the referent 
system, hence the need for simulation. 
Given this scheme, what do counterexamples look like? Firstly, a local 
counterexample is found when the model’s behaviour (and therefore the 
referent system) does describe the behaviour (actual or expected) of the 
real system but a particular model assumption is found to be in error. 
Or, a simulation error is made. For example, a given assumption (either 
in the model or  the simulation technique) may be invalid under certain 
conditions but does not affect the behaviour of the model and so (E) o r  
(C) hold. 
Secondly, a global counterexample would be found where the simulation 
output and the real or expected behaviour deviate. If no error can be 
found in the model or the simulation then a system has been found which 
lies outside the domain of ( A ) .  
Thirdly, a local and global counterexample would be a case where the 
simulation output again deviated from real or expected behaviour and the 
source is located in a model or the simulation error. 
What of the anomalies in the backcasting debate? Well, the population 
dip 1900-1904 is a global counterexample to (B) because clearly the 
referent system does not describe the history o f  world population. (It 
is also a local counterexample if we can find an error in the referent 
system (model) o r  the simulation.) 
The backcast anomaly is also a global counterexample to (B).Ultimately, 
(Cl is neither provable nor disprovable - only the future will show 
this. However, (C) depends on (B) and so if the latter falls both 
anomalies must be considered local counterexamples to (Cl - it would 
remain a conjecture without proof. 
The first thing to notice is that the SPRU team deliberately set out to 
test the World 2 model. In doing so they thought that better models would 
emerge. Observing the anomalous behaviour at the start of the simulation 
they generated another anomaly by running the model backwards. They 
suggested that the anomalies indicated that the model was in need of 
some reformulation. Had they thought that only an initialization problem 
was involved the error in the DRMM parameter would have gone unnoticed. 
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They subsequently reformulated the parameter in order to uphold (B) - 
the referent system being modified - but at the same time this refuted 
(C). In other words, the model was changed so that it did indeed describe 
history (B) ( o r  at least a greater portion of it) but the original 
trajectories did not remain the same - the model trajectories no longer 
overshot and collapsed (Cl. 
Of the strategies discussed above, that of 'proofs and refutations' 
appears to be the closest to ascribe to them for they were prepared to 
assimilate the anomalies. 
Turning now to the response of Meadows et al, it is clear that the SPRU 
anomaly was not given the status of a genuine counterexample; rather, it 
was perceived as a "spurious excursion". Further, whilst some of the MIT 
group's comments were apposite (and actually accepted by SPRU) others 
were red herrings. More importantly, the SPRU backcast was claimed to be 
"completely meaningless" and Meadows made verbal recommendations about 
the important issues in question - of which backcasting was clearly not 
seen to be one - as if such recommendations alone could 'solve' the 
problem posed by the model's anomalous behaviour. Further, much of 
Meadows' technical argumentation may be viewed as a definitional flurry 
which by seeking to consolidate the distinctions between forward and 
backward running models thereby upholds (B) and by implication (C). The 
strategy here is monster barring, the anomaly is roundly rejected as a 
"monster", and we observe the articulation of a previously hidden lemma 
- the definition of what is taken to be a system has shifted. Implicitly, 
( A )  and (B) become: 
( A )  for all systems that change forwards through time, their behaviour 
is given by their referent system dynamics system 
(E) the forward running behaviour of the world is given by its referent 
system 
Notably, sub-conjecture (C) also remains intact. 
In contrast, Wright's response was both more complex and interesting. 
Remember that he accepted the backcast as genuine: he therefore accorded 
the anomaly the status of a true counterexample, so clearly he cannot be 
said to have been monster barring. Notably, he described the problem as a 
"bug", and he viewed the anomaly as ttgrotesquen. He admitted that the 
model needed reformulating f o r  the case when material standard of living 
was low but he did not think that the anomaly countered the main 
conclusions which Forrester drew from the model. In other words, the 
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backcast  anomaly i s  accepted a s  genuine b u t  i t  is barred a s  an exception 
t o  ( B )  and i s  not seen a s  a chal lenge t o  (Cl. The domain of ( B )  i s  
reduced by e x t r a  condi t ions,  both w i t h  regards  t o  time and the  l e v e l s  of 
MSL. Thus. (B) becomes: 
t h e  behaviour of t h e  world between 1900 and 2100, when MSL)0.25,is given 
by i ts  r e f e r e n t  s y s t e m  
Rejec t ing  the  SPRU modif icat ion h e  s ta ted :  
"One of t he  symptoms of whatever is wrong appears  i n  t he  World Dynamics 
base run as a small  population dec l ine  1900-1904. A t  least, one wants t o  
revise t h e  1900 i n i t i a l  values  t o  e ra se  t h a t  t r a n s i e n t  without a f f e c t i n g  
1905-2100 behavior... A t  e a r l y  s t ages  of i n d u s t r i a l  development, 
For res te r ' s  o r i g i n a l  model over-estimates death r a t e  and c a p i t a l  
formation. An appropr i a t e  query is: can these  assumptions be modified t o  
support  reasonable  1880 values  without damaging predicted,  fu tu re  
t rends?" (123) emphasis added 
I n  upholding t h e  predicted t r e n d s ,  and the re fo re  ( C ) ,  Wright was 
a f f i rming  (B); f o r  t he  o r i g i n a l  t r a j e c t o r i e s  only have p l a u s i b i l i t y  
i n s o f a r  as they a r e  taken t o  represent  t he  real world system. He 
r e a l i s e d  t h a t  f o r  (El) t o  s tand the  model must be a b l e  t o  r e p l i c a t e  1880- 
1900 h is tory .  
So, t h e  adopted strategy was to  modify the  model without a f f e c t i n g  i ts  
o r i g i n a l  t r a j e c t o r i e s :  o r  i n  o the r  words, t o  add t o  t h e  de f in ing  flemas' 
without  changing (C). He admits t h a t  death rate and c a p i t a l  formation 
estimates are i n  e r r o r  when MSLc0.25 and he sets out  t o  br ing  pre-1900 
h i s t o r y  i n t o  the  domain of t h e  conjecture.  A c l o s e r  look a t  Wright's 
modi f ica t ions  shows why t h i s  is a good desc r ip t ion  of h i s  strategy. 
Again referring t o  Fig.6, we can see t h a t  Wright's r e s p e c i f i c a t i o n  of 
DRMM arguably g ives  the  funct ion a r a t h e r  curious appearance. If 
MSq0.25,DRMM is set t o  the  value of 2.4 , otherwise i t  is ca lcu la t ed  i n  
accordance with Forres te r ' s  o r i g i n a l  curve. Further ,  Fig.8 shows Wright's 
e f f e c t i v e  change to  t h e  c a p i t a l  invesment function - C I H  - and again f o r  
MSL<0.25 t h e  parameter is changed ( t o  0.16) w i t h  t he  o r i g i n a l  curve 
holding f o r  MSL)0.25. It is evident  t h a t  t h i s  implies  a discont inuous 
change a t  MSL.0.25. I n  f a c t ,  t h e  d i scon t inu i ty  ranges between values  of 
0.16 and 0.32 f o r  CIM, which e f f e c t i v e l y  means t h a t  c a p i t a l  investment 
doubles when MSL reaches 0.25. Alternatively, c a p i t a l  investment would 
suddenly double between 1899 and 1900. All this obviously begs crucial  
ques t ions  about t he  poss ib le  mechanisms which could account for  such a 
discont inuous change. 
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Now, these  e x t r a  c o n d i t i o n s  are a r b i t r a r y  because t h e y  are s t i m u l a t e d  by 
t h e  p a r t i c u l a r  counterexample invo lved  and do n o t  g u a r a n t e e  a g a i n s t  
o thers .  (Wright,  however, b e l i e v e s  t h a t  he h a s  found a safe domain - 
hence h i s  remark t h a t  t h e  "model canno t  be f a u l t e d  i f  it remains i n  t he  
acceptable o p e r a t i n g  range.") Wright asserted t h a t  a model need o n l y  be 
a c c u r a t e  f o r  t h e  r ange  ove r  which it i s  i n t e n d e d  f o r  use; a l t h o u g h  he 
a l l o ~ e d l ~ ~ t h a t  F o r r e s t e r  d i d  n o t  make t h i s  r a n g e  clear i n  the  case o f  
World 2, he himself f i r m l y  limits t h e  o r i g i n a l  model t o  1900-2100. T h i s  
is a mod i f i ed  form o f  e x c e p t i o n  b a r r i n g  : f i r s t  o f  a l l  the  s i m u l a t i o n  o f  
pre-1900 h i s t o r y  is bar red  as an e x c e p t i o n  t o  t h e  domain o f  World & 
second ly ,  h e  claimed t h a t  t h e  pre-1900 anomalous t r a j e c t o r i e s  cou ld  be 
avo ided  by i n c o r p o r a t i n g  h i s  model r e v i s i o n s ;  t h i r d l y ,  h e  argued t h a t  
t h e  v a l i d i t y  of F o r r e s t e r ' s  c o n c l u s i o n s  - based as t h e y  were on t h e  
1900-2100 p r e d i c t i o n s  - were u n a f f e c t e d  by t h e  anomaly. (We can  also 
d i s c e r n  t he  t h r e a d  of monster  a d j u s t m e n t  here - i.e. the  argument t h a t  
when s e e n  i n  'correct' terms t h e  anomaly poses  no t h r e a t . )  Thus Wright 
upheld ( B )  by b a r r i n g  the  e x c e p t i o n  which i t  d i d  n o t  cove r  - he was 
t r y i n g  t o  d e l i m i t  a safe domain f o r  t he  model. He then  proposed t o  change 
t h e  model so  t h a t  t h e  e x c e p t i o n  c o u l d  be accomodated. (B) t h e n  becomes 
t h e  behav iour  of t h e  world between 1880 and 2100, is g i v e n  by i t s  
r e f e r e n t  sys t em 
t h e  r e f e r e n t  system i n  q u e s t i o n  b e i n g  d i f f e r e n t  t o  t h e  o l d  one. 
H i s  m o d i f i c a t i o n s  a l te r  t h e  model i n  a p iecemea l  way i n  o r d e r  t o  b r i n g  
t h e  e x c e p t i o n  w i t h i n  its domain. T h i s  y i e l d s  what has been described as 
c h a r a c t e r i s t i c a l l y  "segmented" or  " a d d i t i v e "  knowledget25: c e r t a i n  
c o n d i t i o n s  h o l d  for pre-1900 (MSL<0.25) w h i l s t  o t h e r s  ho ld  for post-1900 
(MSL>0.25). Notably t h e  s w i t c h  i n  t h e s e  c o n d i t i o n s  c e n t r e  on a r a t h e r  
a r b i t r a r y  boundary ( e i t h e r  the 1900 boundary i n  time or t h e  0.25 v a l u e  
of KSL) and - as we argued above - imply a p r o b l e m a t i c  d i s c o n t i n u i t y .  
T h i s  a r b i t r a r y  boundary is r e l a t e d  t o  our earlier p o i n t  c o n c e r n i n g  t h e  
d i f f i c u l t y  i n  d e c i d i n g  what is wrong w i t h  t h e  model and which was 
e x e m p l i f i e d  by the  d i f f e r e n t  sets of i n i t i a l  c o n d i t i o n s  s p e c i f i e d  by 
F o r r e s t e r  and Wright. As Wright would have it, t h e  model is  n o t  c o r r e c t l y  
fo rmula t ed  f o r  MSL(0.25 or, f o r  pre-1900 va lues .  But what is t h e  r e a s o n  
for t h e  c h o i c e  of 0.257 For, upon closer examination ( s e e  Fig.5) i t  can 
be s e e n  t h a t  t he  r e t r o d i c t i o n  o f  World 2 d o e s  n o t  y i e l d  a v a l u e  fo r  MSL 
which is less t h a n  0.25 u n t i l  1898. So by h i s  cr i ter ia  cou ld  we n o t  claim 
t h a t  the  model is v a l i d  a t  18991 I n  fact  i t  i s n ' t  because the  l e v e l  of 
p o p u l a t i o n  i n  1898 is greater t h a n  t h a t  a t  1900 even w i t h  Wright 's  
i n i t i a l  va lues .  Thus, we can o n l y  conc lude  t h a t  t h e  c h o i c e  of MSL)0.25 o r  
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1900 is an a r b i t r a r y  boundary which l e a d s  t o  e x t r a  'lemmas' in t h e  
model's f o r m u l a t i o n  and m e r e l y  f u n c t i o n s  t o  p r e s e r v e  c o n j e c t u r e s  ( B )  and 
t C ) .  
B r i t t i n g  a c c e p t e d  Wright ' s  a n a l y s i s  and a rgumen ta t ion ,  and he t h e r e f o r e  
i m p l i c i t l y  fo l lowed  t h e  e x c e p t i o n  b a r r i n g  approach. They bo th  argued 
t h a t  a model s h o u l d  on ly  be r e q u i r e d  t o  behave p r o p e r l y  w i t h i n  its 
d e s i g n a t e d  o p e r a t i n g  range - in t h e  case o f  World 2 t h i s  is a l l e g e d  t o  
be 1900-2100. T h i s  however is a r g u a b l y  an u n s a t i s f a c t o r y  p o s i t i o n  
because  on t h e  one hand t h e  model canno t  be run backwards f o r  even 20 
y e a r s  and y e t  on t h e  o t h e r  i ts p r o j e c t i o n s  130 y e a r s  i n t o  t h e  f u t u r e  
were t a k e n  t o  be v a l i d .  B r i t t i n g  a l lowed  t h a t  t h e  s t r u c t u r e  of 
r e l a t i o n s h i p s  c o u l d  change w i t h  time and used t h i s  i d e a  t o  s u p p o r t  h i s  
c o n t e n t i o n  t h a t  t h e  model s h o u l d  n o t  be  expec ted  t o  o p e r a t e  b e f o r e  1900. 
It seems to  have escaped  h i s  a t t e n t i o n  t h a t  h i s  own argument undermines 
the v e r y  c o n c l u s i o n s  (drawn from t h e  model) which he was t r y i n g  t o  
uphold. 
As f o r  F o r r e s t e r  h i m s e l f ,  we have no ted  h i s  s h i f t  in a t t i t u d e  towards 
the 1900-1904 p o p u l a t i o n  d i p ,  b u t  i n  no measure d i d  he a c t u a l l y  a c c o r d  
i t  the s t a t u s  o f  a real threat t o  h i s  conc lus ions .  In accordance  w i t h  t h e  
r o u t i n e s  o f  h i s  m o d e l l i n g  background - w i t h  ( A )  and ( B )  t a k e n  as r a t h e r  
s e l f - e v i d e n t  - he d i d  not investigate t h e  problem and assumed t h a t  i t  
was m e r e l y  a q u e s t i o n  of i n i t i a l  values; h e  was also p repa red  to give t h e  
CIAF v a r i a b l e  an unrea l i s t ic  h i s t o r y  i n  o r d e r  t o  'correct' it. T h i s  
leaves ( B )  and (C) und i s tu rbed .  His s t r a t e g y  t h e n  was t o  s l i g h t l y  
r e s p e c i f y  h i s  model s i m u l a t i o n .  However, i n  t h e  case o f  t h i s  anomaly we 
canno t  e a s i l y  a s c r i b e  one o f  Laka tos ' s  strategies t o  him because  he d i d  
not  treat  i t  s e r i o u s l y .  Though he d i d  n o t  p e r c e i v e  i t  as a monster, we 
have seen t h a t  he h o l d s  a s t r o n g  convict ion i n  h i s  b e l i e f s  a b o u t  sys t ems  
and t h e  overall  adequacy of h i s  model. T h i s  c o n v i c t i o n  p reven ted  him 
from c o n s i d e r i n g  t h e  p o s s i b i l i t y  t ha t  something more s e r i o u s  was wrong 
w i t h  t h e  model's f o r m u l a t i o n  rather t h a n  a small i n i t i a l i s a t i o n  e r r o r  i n  
the s imulat ion.  
This  reminds us o f  monster  a d j u s t m e n t  - i.e. t h e  p o t e n t i a l l y  t h r e a t e n i n g  
anomaly is ' a d j u s t e d '  and r ende red  h a r m l e s s  by t h e  act o f  p e r c e i v i n g  and 
d e s i g n a t i n g  i t  as an i n i t i a l i s a t i o n  e r r o r .  In o t h e r  words, he a d j u s t s  t h e  
model's i n i t i a l  c o n d i t i o n s  o n l y  as a consequence o f  p e r c e i v i n g  t h e  
anomaly p r e c i s e l y  as an i n i t i a l i s a t i o n  problem and the reby  a d j u s t i n g  i4 
t o  p r e s e r v e  (B) and (C). Thus, t h e  model remains intact  b u t  the 
c o n d i t i o n s  g i v e n  to it d u r i n g  t h e  s i m u l a t i o n  change. We con tend  t h a t  
such a change is of a d i f f e r e n t  o r d e r  t h a n  t h e  pa rame te r  changes  invoked 
by SPRU and Wright. The former o n l y  effects the  proof  w h i l s t  t h e  la t ter  
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a l s o  effects  the  r e f e r e n t  system ( t h e  model) i m p l i e d  by (B). We can 
i l l u s t r a t e  t h i s  w i t h  a n o t h e r  analogy. The c h o i c e  of 'bad' i n i t i a l  
c o n d i t i o n s  is comparable t o  f i n d i n g  t h a t  the rubbe r  o u t  o f  which one may 
fabr ica te  a polyhedron is n o t  i s o t r o p i c  and does  n o t  s t r e t ch  f l a t  
p r o p e r l y .  With uniform r u b b e r  i t  would; s i m i l a r l y ,  w i t h  ' c o r r e c t '  i n i t i a l  
c o n d i t i o n s  (assuming t h a t  t h e y  ex i s t )  t h e  model would not give a 
p o p u l a t i o n  d i p  between 1900-1904. It must be a d m i t t e d  t h a t  pe rhaps  we 
are c o n c e p t  s t r e t c h i n g  Lakatos '  i d e a  of  monster a d j u s t m e n t  here b u t  
would a r g u e  t h a t  i t  is u s e f u l .  For example, it e n a b l e s  u s  t o  understand 
how SPRU saw t h e  anomaly as r o o t e d  i n  t h e  DRMM p a r a m e t e r  (i.e. the 
r e f e r e n t  s y s t e m )  w h i l s t  F o r r e s t e r  - wishing t o  uphold (B) and (C) - 
p e r c e i v e s  i t  another way. Moreover, Lakatos  describes mons te r  adjustment 
o n l y  i n  t h e  face of g l o b a l  counterexamples  w h i l s t  t h e  o n e s  i n  question 
here are b o t h  g l o b a l  - and l o c a l .  The comon  f e a t u r e  is tha t  i n  each case 
t h e  c o n j e c t u r e  - is upheld.  
A s  regards t h e  b a c k c a s t i n g  anomaly, he allows t h e  p o s s i b i l i t y  of 
b a c k c a s t i n g  b u t  a r g u e s  t h a t  i t  is "ap t  t o  be meaningless".  
"Running a s i m u l a t i o n  model backward t o  see i f  i t  retraces p a s t  his tory 
is o f t e n  s u g g e s t e d  as a way t o  v a l i d a t e  a model. Such was done w i t h  the 
World Dynamics model by the  Sussex  group ... Yet, t h e  p r o c e d u r e  is a p t  to  be 
m e a n i n g l e s s  u n l e s s  a s u b t l e  combinat ion of c o n d i t i o n s  falls  w i t h i n  a 
narrow r a n g e  i n  which t h e  procedure is i n f o r m a t i v e .  C o n d i t i o n s  that 
d e t e r m i n e  t h e  r e l e v a n c e  of backward i n t e g r a t i o n  i n c l u d e  t h e  purpose of 
the model, the  complex i ty  of i ts s t r u c t u r e ,  the range of time constants  
i n  t h e  s t r u c t u r e ,  how far back i n  time r e v e r s a l  i s  a t t e m p t e d  compared to  
t h e  s h o r t e s t  time c o n s t a n t s  i n  t h e  model, t h e  p r e s e n c e  and magnitude of 
n o i s e  i n t r o d u c e d  i n  t he  model, t r u n c a t i o n  e r r o r ,  roundof f  e r r o r ,  t h e  
l e n g t h  o f  s o l u t i o n  i n t e r v a l ,  t h e  n a t u r e  of t h e  i n t e g r a t i o n  algorithm 
used. I n  a d d i t i o n ,  r e t r a c i n g  w i t h  a model of real-l ife events is subject  
t o  t h e  same l i m i t a t i o n s  t h a t  a p p l y  t o  fo rward  prediction...Practical, 
p h i l o s o p h i c a l ,  and t h e o r e t i c a l  c o n s i d e r a t i o n s  o v e r l a p  i n  a way that 
ca l l s  f o r  c l a r i f i c a t i o n  by new t h e o r e t i c a l  and i n t e r p r e t i v e  work." 
F o r r e s t e r ( l 2 6 )  
I n  o t h e r  words, i t  is a t h e o r e t i c a l  p o s s i b i l i t y  b u t  is most u n l i k e l y  t o  
have  any  r e l e v a n c e  t o  (B) and (C) .  (One h a s  t o  l e a r n  how t o  c o r r e c t l y  
i n t e r p r e t  anomalous backcas t s . )  Again we are t e n t a t i v e  abou t  l a b e l l i n g  
him here b u t  c o u l d  once more s u g g e s t  monster  ad jus tmen t .  We should note 
t h a t  h i s  reference t o  b a c k c a s t i n g  comes i n  a p a p e r  i n  which he sets out 
t o  e x p l a i n  why p e o p l e  ( p a r t i c u l a r l y  h i s  c r i t i c s )  seem t o  misunderstand 
sys t em dynamics. However, perhaps a better way of d e s c r i b i n g  h i s  
r e s p o n s e  is not  t o  say t h a t  he a d j u s t s  t h e  b a c k c a s t  monster, so much t h a t  
he monster  bars t h e  t e c h n i q u e  of backcas t ing .  Indeed, t h i s  can also be 
seen as an u n d e r c u r r e n t  i n  the r e s p o n s e  of Meadows e t  al. Rather thui 
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r e s p o n d i n g  t o  a s p e c i f i c  anomaly, F o r r e s t e r  is monster b a r r i n g  a t  t h e  
h i g h e r ,  me thodo log ica l  l e v e l  o f  mode l l ing  t echn iques .  H i s  r e s p o n s e  m u s t  
be  s e t  i n  c o n t e x t ,  which i n  t h i s  i n s t a n c e  i s  t h a t  given by t h e  earlier 
r e s p o n s e  o f  Meadows e t  a l  and t h e  l a t e r  ones  of Wright and B r i t t i n g .  With 
Meadows t h e  f o c u s  is mainly on t h e  a l l e g e d  anomalous behav iour  of  World 
2, b u t  w i t h  t h e  adven t  of Wright 's  pape r  t h e  "bug" i n  t h e  model i s  
acknowledged and b a c k c a s t i n g  becomes a c c e p t e d  as a p o s s i b i l i t y .  Thus, by 
t h e  time of F o r r e s t e r ' s  and k i t t i n g ' s  r e s p o n s e s  emphasis h a s  s h i f t e d  
towards  method and away from t h e  s p e c i f i c  anomalies .  The fac t  t h a t  
b a c k c a s t i n g  can throw up anomal i e s  is no l o n g e r  i n  doubt  and s o  t h e  
d e b a t e  i s  re-cast i n  terms of how b a c k c a s t s  are t o  be i n t e r p r e t e d .  
Indeed,  t h i s  is why F o r r e s t e r  d i r e c t s  h i s  r e s p o n s e  t o  t h e  na ture  of 
b a c k c a s t i n g  as a m o d e l l i n g  p rocedure  r a t h e r  t h a n  towards a s p e c i f i c  
d e f e n c e  o f  World 2 . W h i l s t  t h e  i d e a  o f  me thodo log ica l  monster  b a r r i n g  i s  
a h i g h e r  level  extension of  P r o o f s  and R e f u t a t i o n s  i t  d o e s  e n a b l e  u s  t o  
i n t e r p r e t  F o r r e s t e r ' s  s t r a t e g y  a l o n g s i d e  those o f  h i s  colleagues. 
Moreover, o t h e r  e v i d e n c e  of me thodo log ica l  monster  b a r r i n g  can be  found 
i n  mathematics  i tself .  Pimm, f o r  example, p o i n t s  t o  s e v e r a l  i n s t a n c e s  
i n c l u d i n g  Gordans' o b j e c t i o n  t o  a n o n - c o n s t r u c t i v i s t  p roo f  by H i l b e r t  
("Das ist n i c h t  Mathematik - d a s  ist t h e o l o g i e " )  and t h e  c o n t r o v e r s y  
c o n c e r n i n g  t h e  a l l e g e d  computer p roof  o f  t h e  f o u r - c o l o u r  p r 0 b l e m ~ ~ 7 .  
F o r r e s t e r  a lso refers t o  B r i t t i n g ' s  work t o  s u p p o r t  h i s  a s s e r t i o n s ;  t h u s ,  
he 'raises and frames' t h e  issue of  b a c k c a s t i n g  i n  such  a way as t o  
p r o t e c t  ( B )  and (C). His reference t o  B r i t t i n g  i m p l i e s  t h a t  he a c c e p t s  
t h e  e x i s t e n c e  of t h e  anomaly uncovered by SPRU, b u t  v i a  h i s  " s u b t l e  
combina t ion  o f  c o n d i t i o n s "  i t  is rende red  ha rmless  and t h e  whole 
relevance of b a c k c a s t i n g  is undermined. 
Thus, t h e  b a s i c  d i f f e r e n c e  between SPRU and MIT is t h a t  SPRU are 
p r e p a r e d  to revise the model a t  t h e  expense o f  t h e  o r i g i n a l  t r a j e c t o r i e s  
and t h e r e f o r e  (C), i n  o r d e r  t o  a l l o w  (B). HIT, on t h e  o t h e r  hand, on ly  
revise t h e  model on c o n d i t i o n  t ha t  (Cl is n o t  cha l l enged .  I n  o t h e r  words, 
t h e y  a t t e m p t  t o  uphold (B) and (C) by ad hoc m o d i f i c a t i o n s  t o  t h e  
r e f e r e n t  sys t em or t h e  s i m u l a t i o n  e x e r c i s e  (i.e. changed i n i t i a l  
c o n d i t i o n s ) .  
A t  t h i s  p o i n t  we s h o u l d  n o t e  t h a t  t h e r e  is an i n t e r e s t i n g  though minor 
d i f f e r e n c e  between our b a c k c a s t i n g  example and Lakatos '  s t u d y  of t h e  
c o n t r o v e r s y  s u r r o u n d i n g  polyhedra.  I n  t h e  la t ter  case, i t  was sometimes 
clear where a l o c a l  counterexample c o n f l i c t e d  w i t h  a p roof  - i.e. the 
anomaly p o i n t e d  t o  a specif ic  lemma ( i n  mathematics  more g e n e r a l l y ,  t h i s  
is not a lways  l i k e l y  t o  be t h e  case). I n  t h e  case of t h e  1900-1904 
p o p u l a t i o n  f igures - which we a s c r i b e d  t h e  s t a t u s  o f  a g l o b a l  
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counterexample - the difficulty is that we know that the counterexample 
may also be local but are unsure as to where it conflicts with the model. 
If it is located in the initial values then a minor respecification of 
the simulation may solve the problem; alternatively, if it is located in 
the DRMM multiplier - for example - then the counterexample is more 
severe because it affects the referent system. 
Let us summarise at this point. 
!1 ) In relation to the World 2 model, a set of conjectures and a proof have 
been defined in accordance with Lakatos' scheme. 
:2) The form of possible counterexamples has been set out. 
(3)  Actual anomalies have been categorised in accordance with (2) 
(4) The strategies of Meadows et al, Wright and Britting correspond with 
certain responses described by Lakatos - i.e. monster barring and 
exception barring. 
15) The strategy of monster adjustment has been used (stretched) to explain 
Forrester's responses to the 1900-1904 population dip, and 
methodological monster barring has been invoked to describe his 
reaction to backcasting. 
(6) SPRU's responses, whilst not conforming to proofs and refutations comes 
closer to it than those emanating from MIT in the sense that they were 
prepared to bring (B) into accord with (D) without imposing such 
arbitrary conditions (compared to MITIS) ao as to preserve (C). 
The MIT modifications undoubtedly 'improved' the World 2 model but so too 
did the changes suggested by SPRU. How can we distinguish between them? 
We must try to address this question for doing so may indicate a path 
towards a better understanding of ways to improve errant models and it 
will also shed further light on the different styles of thought shared 
by SDG and SPRU. To answer this question we must return to the different 
views of the nature of models and we will also need to introduce Lakatos' 
important idea of concept stretching1z8. 
By the term concept stretching Lakatos meant the process in which a 
concept is used in a manner which is not exactly consistent with the 
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i m p l i c i t  and e x p l i c i t  d e f i n i t i o n s  p e r t a i n i n g  t o  i t s  o r i g i n a l  usage. For 
example, t h e  d e f i n i t i o n  of a polyhedron which was embedded i n  t h e  Euler- 
Descartes c o n j e c t u r e  became s t re tched  t o  cove r  o b j e c t s  n o t  o r i g i n a l l y  
env i saged  by i t s  a d h e r e n t s .  Through t h e  u s e  of concep t  s t r e t c h i n g  one 
may g e n e r a t e  o r  l e t  i n  coun te rexamples  t o  a c o n j e c t u r e ;  t h e  r eponses  t o  
such anomalies f o c u s  a t t e n t i o n  more s h a r p l y  on t h e  domain of  the 
c o n j e c t u r e  and t h e  d e f i n i t i o n s  embedded i n  t h e  proof  f o r  it. Of ten  i t  is 
o n l y  by s t r e t c h i n g  a c o n c e p t  t h a t  we can  f o r c e  o u t  t h e  i m p l i c i t  
a s sumpt ions  upon which i t  is based. 
When Wright asserted t h a t  t h e  o r i g i n a l  model was on ly  v a l i d  w i t h i n  its 
a c c e p t e d  o p e r a t i n g  r ange ,  was he c o n t r a c t i n g  (o r  s h r i n k i n g )  t h e  concep t  
of a model i n  o r d e r  t o  p r o t e c t  i t  from t h e  SPRU counterexample? 
F o r r e s t e r  had n o t  made t h e  r a n g e  of the  model clear b u t  it seems 
u n l i k e l y  t h a t  he had env i saged  t h e  p o s s i b i l i t y  of someone r u n n i n g  i t  
back b e f o r e  1900. A l t e r n a t i v e l y ,  c o u l d  we n o t  e q u a l l y  s a y  t h a t  t h e  SPRU 
team were concep t  s t r e t c h i n g ?  Cons ide r  what t h e y  had t o  s a y  a b o u t  
models: 
" A s  a model is a mimic of r e a l i t y ,  i t  s h o u l d  ref lect  mechanisms and 
t r e n d s  for t h e  p e r i o d  of i n t e r e s t .  If t h e  same mechanisms were i m p o r t a n t  
i n  the  p a s t  ( b e f o r e  t h e  p e r i o d  of i n t e r e s t ) ,  i t  is o n l y  r e a s o n a b l e  t o  
e x p e c t  t ha t  a model s h o u l d  "backcast" or e x t r a p o l a t e  i n t o  t h e  p a s t "  
(129) 
Thus, i t  is pe rhaps  b e t t e r  t o  conc lude  t h a t  SPRU s t r e t c h e d  t h e  sys t em 
d y n a m i c i s t s '  c o n c e p t  of a model t o  c o v e r  a r a n g e  f o r  which World 2 was 
neve r  a c t u a l l y  i n t e n d e d ?  T h i s  o f  c o u r s e  d o e s  n o t  mean t h a t  SPRU d i d  n o t  
s u b s c r i b e  t o  t h i s  p r i n c i p l e  b e f o r e ,  i ndeed  t h e y  no ted  its impor t ance  i n  
o t h e r  areas of science such  as astronomy. Rather, it i l l u s t r a t e s  the  
d i f f e r e n t  c o n c e p t i o n s  of a model w i t h  which t h e  two g r o u p s  ope ra t ed .  It 
a l s o  i l l u m i n a t e s  t h e  fact  t h a t  Wright's d e f e n c e  of the  model was n o t  
n e c e s s a r i l y  a post-hoc r e d e f i n i t i o n  o f  its purpose  and scope. One may of 
c o u r s e  still d i s a g r e e  w i t h  h i s  c o n c e p t i o n  o f  a model, and c e r t a i n l y  t h e  
fact t h a t  h i s  r e f o r m u l a t i o n  was t r i g g e r e d  i n  r e s p o n s e  t o  concept-  
s t r e t c h i n g  d o e s  n o t  J u s t i f y  i t  - indeed,  i t  merely shows h i s  commitment 
t o  the o r i g i n a l  c o n j e c t u r e  and model p r e d i c t i o n .  
SPRU had a p ragmat i c  view o f  backcas t ing :  
" I n  a n o n - l i n e a r  dynamic model c o n t a i n i n g  many parameters and many 
feedback l o o p s ,  i t  is not  p r a c t i c a l  t o  make a l l  p o s s i b l e  tests on the 
r e a s o n a b l e n e s s  of t h e  model. "Backcast ing" can  be expec ted  t o  d r ive  some 
v a r i a b l e  t o  u n r e a l i s t i c  v a l u e s  and hence show up i n a d v e r t e n t l y  
i n c o r r e c t  a s s u m p t i o n s  u n d e r l y i n g  a model." ( 130) 
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Therefore, it was seen as a way of testing the model, of generating 
counterexamples with a view to improving its assumptions. Of course this 
means that the old prediction and the conclusions which follow from it 
may have to be surrendered, but that is not something which should be 
seen as problematical. It is here that the difference between SPRU's and 
Wright's modifications really lies. Wright wished to preserve the 
conjecture and the original prediction, and so modified the model with 
that aim in mind. Here is what Lakatos had to say about the exception- 
barring strategy: 
"Most mathematicians, because of ingrained heuristic dogmas, are 
incapable of setting out simultaneously to prove and refute a 
conjecture. They would either prove it refute it. Moreover, they are 
particularly incapable of improving conjectures by refuting them if the 
conjectures happen to be their own. They want to improve their 
conjectures without refutations; never by reducing falsehood but by the 
monotonous increase of truth; thus they purge the growth of knowledge 
from the horror of counterexamples." (131) 
Wright's modifications lead to segmented knowledge whereas a deeper 
question would have been to ask what mechanism could account for both 
pre-1900 and post-1900 history? This form of exception barring and model 
modification ultimately lead to 'degeneration' in knowledge; as each 
exception is admitted into the domain of the conjecture through extra 
(arbitrary) 'lemas' no substantial increase in depth or  content is 
achieved.The model trajectories may suitably mimic more of history, but 
the model does not capture more of the "essence" of the global system. 
SPRU, on the other hand, had no prior commitment to the conjecture or the 
original prediction and made a modification to the model so as to bring 
its behaviour into line with accepted history. In so doing a new 
prediction emerged - one which may be neither more nor less tenable than 
the old but which was at least based on a better 'model' - i.e. it did not 
impose such arbitrary conditions on the CIM and DRMM multipliers. 
The type of approach which welcomes counterexamples (the method of 
proofs and refutations) is summed up by Lakatos as follows: 
"if we want to learn anything really deep, we have to study it not in its 
'normal', regular, usual form, but in its critical state, in fever, in 
passion. If you want to know the normal healthy body, study it when it is 
abnormal, when it is ill. If you want to know functions, study their 
singularities. If you want to know ordinary polyhedra, study their 
lunatic fringe." (132) 
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I What of t h e  MIT group's first response? Well, t h e i r  pos i t i on  is even more 
problematical  than t h a t  of Wright; by monster ba r r ing  they remain closed 
t o  t h e  inadequacies  of t h e  model and although they professed a deep 
commitment t o  improving our  understanding of the  g loba l  system i t  i s  
clear t h a t  t h e i r  s t r a t e g y  for  dea l ing  w i t h  anomalies would not  f u r t h e r  
t h a t  end very w e l l .  They want improved models of s o c i a l  systems b u t  
appear t o  want t o  hold onto t h e i r  conjec ture  and o r i g i n a l  p red ic t ions  
r a t h e r  than g ive  them up t o  b e t t e r  ones based  on deeper and more 
adequate  models. 
These v iews  of a model a r e  of course r e l a t e d  t o  t h e  d i f f e r e n t  modelling 
approaches adopted by each group and we w i l l  now d i scuss  these  i n  more 
d e t a i l .  
14.4.6 SDG'S APPROACH TO M)DûLLIñG 
The systems approach p rac t i ced  by SDG cen t r e s  on t h e  formal modelling of 
s o c i a l  systems - they  de f ine  a system as a set of elements which a r e  
uni ted  f o r  some common purpose. They assume t h a t  the ' t rue '  purpose or 
goa l  of  any s o c i a l  system can be  represented i n  a model and t h a t  
p o l i c i e s  t o  achieve  i t  can thereby be tested.  To them t h e  general goal  of 
modelling is to  a f f o r d  a better understanding of s o c i a l  systems i n  order  
t o  fac i l i t a te  t h e  o b j e c t i v e  of management and control .  I n  t h e  s p e c i f i c  
contex t  of  world modelling t h e  goa l  is t o  a i d  t h e  t r a n s i t i o n  t o  a 
s u s t a i n a b l e  g loba l  equi l ibr ium s o c i e t y  sometime i n  t h e  near fu tu re .  This  
o r i e n t a t i o n  c a r r i e s  with i t  an instrumental ,  pragmatic view of 
modelling: i t  is a s s e r t e d  t h a t  a model should only be judged i n  
accordance wi th  t h e  purposes f o r  which it is buil t '33.  Further,  t h i s  
out look permeates t h e  view t h a t  F o r r e s t e r  t akes  of o the r  research;  for  
example, he a rgues  t h a t  p r a c t i c a l  re levance should be accorded a higher 
p lace  i n  judging r e sea rch  i n  t h e  s o c i a l  sciences. 
"Because t h e  s t anda rds  f o r  judging pub l i ca t ion  and research  o r i g i n a t e  
i n  academia, cr i ter ia  of exce l lence  should be moved away from 
cleverness, mathematical s k i l l ,  narrow prec is ion ,  i n t e r n a l  l o g i c a l  r igor ,  
and d a t a  c o l l e c t i o n  and a n a l y s i s  f o r  t h e i r  own sakes. In s t ead  relevance 
t o  s o c i a l  po l icy  should be expected along with a defense and explanation 
of t h e  relevance."( 134) 
As regards  t h e i r  methodological o r i e n t a t i o n ,  two main features which we 
can r e a d i l y  d i sce rn  are t h e  use of a genera l  systems t h e o r e t i c  framework 
and t h e i r  pos i t i on  concerning the  use of  s t a t i s t i c a l  - inc luding  time 
series - data.  They contend t h a t  t h e  p rope r t i e s  of a l l  systems - whether 
phys ica l  o r  s o c i a l  - a r e  governed by feedback s t ruc tures  whose 
131 
d e f i n i t i v e  c h a r a c t e r i s t i c s  a r e  more fundamental than the 
p a r t i c u l a r i t i e s  of i nd iv idua l  sys tems.  I n  o t h e r  words, a knowledge of a 
system's s t r u c t u r e  r a t h e r  than a p r e c i s e  knowledge of t h e  va lues  of the 
v a r i a b l e s  which describe its components is s u f f i c i e n t  t o  understand i t s  
behaviour - s t r u c t u r e  is the re fo re  seen t o  more important than data.  
F o r r e s t e r  a rgues  t h a t  models based on t ime-ser ies  da t a  can on ly  
r e p l i c a t e  behaviour modes t h a t  have been observed i n  the  past .  I n  
c o n t r a s t ,  he suggests  t h a t  a system dynamics model can genera te  
prev ious ly  unseen modes and is t h e r e f o r e  morc p e r t i n e n t  f o r  long-term 
modelling. For example, he no te s  t h e  d i s p a r i t y  between t h e  assumption i n  
World 2 t h a t  resource p r i c e s  rise over time and the  oppos i te  view held 
by some of h i s  cr i t ics  who c i t e  h i s t o r i c a l  evidence f o r  decreasing 
resource  prices. He r e f e r s  t o  two o t h e r  system dynamics models i n  which 
p r i c e s  hold s teady  over a f a i r l y  long per iod of time before  a s p e c i f i c  
set of cond i t ions  p r e c i p i t a t e s  a s u b s t a n t i a l  increase.  He then r e f e r s  
( i m p l i c i t l y )  t o  t h e  1973 ' o i l  crisis ' ,  i n  order  t o  back-up h i s  
t h e o r e t i c a l  assertions. 
"[q he real world s e e m  t o  be e x h i b i t i n g  the  same new mode by breaking 
o u t  of t h e  pas t  p r i c e  s t a b i l i t y .  Education should p lace  less emphasis on 
pas t  data about behavior and more on the  i n t r i n s i c  s t r u c t u r e s  t h a t  can 
render  pas t  t r e n d s  i r r e l e v a n t  f o r  t h e  f u t u r e  management of 
society."( 135) 
System dynamics models are not  used t o  make p r e d i c t i o n s  about system 
states a t  s p e c i f i c  po in t s  in time; rather, they  are used t o  p red ic t  
"behaviour c h a r a c t e r i s t i c s "  ( s t a b i l i t y ,  o s c i l l a t i o n ,  growth e tc) .  I n  
order  t o  test a model's v a l i d i t y ,  i t  is requ i r e3  t o  be a b l e  t o  reproduce 
or  p r e d i c t  the  behaviour of t h e  r e a l  system t o  which i t  is supposed t o  
correspond - t h e  behaviour should be "plausible" ,  t h e  model should show 
t h e  same "symptoms" and respond t o  extreme condi t ions  and non- 
l i n e a r i t i e s  i n  t h e  same manner as t h e  real system; any time phasing 
between v a r i a b l e s  or p e r i o d i c i t i e s  should a l s o  match those  of t h e  r e a l  
system136. 
Aggregation is an important a spec t  of any modelling exercise and i n  t h e  
case of system dynamics it is use fu l  t o  cons ider  the  aggregat ion of 1)  
elements w i t h  similar behaviour, 2 )  p a r a l l e l  elements, and 3) 
aggregat ion i n  time. It is argued t h a t  i f  t uo  elements have s imi l a r  
"underlying dynamic s t r u c t u r e s "  then - given t h e  purposes OP t h e  model - 
they can be aggregated together .  For example, i n  World 2 c a p i t a l  and 
technology a r e  aggregated toge ther  on t h e  b a s i s  t h a t  t h e  c r e a t i o n  and 
deprec i a t ion  of c a p i t a l  c lose ly  resembles tha t  of  technology. 
"Much of scientific and technical knowledge resides in the heads and 
skills of people and disappears from the system through death and decay 
in a manner dynamically similar to the obsolescence and discard of 
physical capital."( 137) 
Secondly, the models are aggregated at a global level because individual 
countries are regarded as parallel elements. In other words, world 
system behaviour is some additive sum of these separate elements - the 
feedback structure of the world system being regarded as identical to 
that which governs each individual nation. Thirdly, short-term responses 
such as price fluctuations are considered to be aggregated within long- 
term dynamics; the world models have a long-range time horizon and the 
behavioural dynamics of the long-term are considered to be more 
important than those of the short-term. 
In Industrial Dynami~sl3~ Forrester illustrates the essential 
principles of aggregation by considering an analogy between a water 
supply system and industrial systems. He points out that in a model of a 
water system all individual drops of water are aggregated: it is assumed 
that each drop f lows through all the elements represented in the system 
description. In the case of an industrial system, he gives the example of 
the flow of an order item and the aggregation of all order items within 
a particular flow channel - all items pass through the same decision 
points. Now, whilst these examples are fairly straightforward the level 
of aggregation present in the world models is arguably of a 
qualitatively different kind. 
"the models...were designed to examine the feasibility of continued 
growth in global population, capital and resource usage. These issues 
depend on the relationships between total world population, total food 
production, total resource consumption, and total capital, more than on 
the distribution of population or capital between nations." 
Forrester(l39) 
Meadows takes the same position as Forrester and for him too, global 
capital has "real-world meaning". 
"Each assumption in the model should be consistent with direct 
measurments or observations of the real-world system; no assumption or 
parameter without real-world meaning should be added merely t o  improve 
mathematical convenience o r  historical fit." Meadows et al (140) 
The problem here is that although it is easy to see the relationship 
between a real water system, each drop of water in it, and its mode1,the 
same does not necessarily hold with the world models. For example, other 
than its merely quantitative measure what, for example, is global 
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c a p i t a l ?  (Even assuming tha t  a l l  types of c a p i t a l  can be valued on one 
basis.) Our point  here  is not t o  chal lenge the i r  use of aggregat ion b u t  
t o  understand it. By asking t h i s  quest ion we do not  r e f u t e  t h e  concept of 
g loba l  c a p i t a l  but  s t r e s s  t h a t  i ts meaning depends on a given 
perspect ive.  The p r i n c i p l e s  of aggregat ion a r e  the re fo re  context  
dependent because what one group may t ake  as empir ica l  may be  regarded 
a s  f i c t i o n  by another.  (This  w i l l  become c l e a r e r  when w e  consider  SPRU's 
s t ance  on aggregation.) SDC's t reatment  of aggregat ion - e s p e c i a l l y  when 
w e  bear i n  mind t h e  f a c t  t h a t  causal r e l a t i o n s h i p s  are posi ted between 
t h e  g loba l  en t i t i e s  i n  quest ion - l ends  f u r t h e r  support  t o  our 
conjec ture  that  wi th in  t h e  system dynamics framework, systems a r e  
considered r a t h e r  a s  on to log ica l  e n t i t i e s .  
The sys t em dynamicists contend t h a t  formal mathematical models are more 
open t o  inspec t ion  and criticism than mental models; however, t h i s  
seeming openness t o  criticism is tempered by t h e  f a c t  t h a t  they be l ieve  
t h a t  c r i t i c s  must pu t  forward a l t e r n a t i v e  models - c r i t i c i s m  must take 
t h e  form of a better formal model. 
"It is t o  be hoped t h a t  t hose  who be l i eve  they a l r eady  have some 
d i f f e r e n t  model tha t  is more v a l i d  w i l l  p r e sen t  it i n  t h e  same e x p l i c i t  
d e t a i l ,  so t h a t  i ts assumptions and consequences can be examined and 
compared. To reject t h i s  model because of  its shortcomings without 
o f f e r i n g  concre te  and t a n g i b l e  alternatives would be equivalent  t o  
ask ing  t h a t  time be stopped."( 141) emphasis added 
Thus, they imply t h a t  the  way t o  improved models i s  through the  
cons t ruc t ion  of o t h e r  formal models. Whilst they accep t  t h a t  no model 
can ever  be pe r fec t  they argue t h a t  formal models are b e t t e r  than the 
i n t u i t i v e  models on which dec i s ions  about po l icy  would otherwise be 
made. We can also note For re s t e r ' s  argument t h a t  a l t e r n a t i v e  formal 
models should be expected t o  be "ready f o r  use" (i.e. i n  s o c i a l  po l icy)  - 
t h i s  being i n  keeping with h i s  ins t rumenta l  view of modelling142. 
4.4.7 SPR0.S APPROACB TO MODELLING 
SPRU a l s o  favour  a systems approach t o  t h e  t a s k  of understanding g loba l  
problems; un l ike  t h e  system dynamicists,  however, they express  more 
r e se rva t ions  about t h e  p r a c t i c a l  d i f f i c u l t i e s  of pursuing it. For them 
t h e  concept of a system c e n t r e s  on the idea  of  i n t e r r e l a t i o n  between a 
group of elements but there is no a s s e r t i o n  t h a t  a system necessar i ly  
has a goa l  o r  purpose143. As f o r  the  aim of modelling, t h i s  they presume 
l i e s  i n  i n d i c a t i n g  t h e  way t o  " s o c i a l l y  worthwhile futures"144. 
Members of SPRO be l i eve  t h a t  s u i t a b l e  data is " e s s e n t i a l "  t o  any 
modelling a c t i v i t y .  T h i s ,  t h e y  argue, is because mathematical models 
r e q u i r e  c a l i b r a t i o n  and t h e r e f o r e  "complete and coherent  data" is 
needed. T h i s  necess i ty  t o  ground the  theory which is represented i n  a 
model i n  s u i t a b l e  q u a n t i t a t i v e  da ta  was a r e c u r r e n t  theme of their  
c r i t i q u e  of the system dynamics world models. Their  concern indicates  
t h a t  they a r e  somewhat - less pragmatic than SDG a s  f a r  a s  model u t i l i t y  
and purpose a r e  concerned and i t  represents  a s t r o n g  empir ica l  flavour 
wi th in  t h e i r  methodological o r i en ta t ion .  
I n  terms of t e s t i n g  t h e  v a l i d i t y  of a model, they be l i eve  - along w i t h  
t h e  system dynamicis ts  - t h a t  a model should have p r e d i c t i v e  power, i t  
should be  a b l e  t o  forecas t .  However, i n  con t r a s t  t o  SGD they requi re  more 
p r e c i s e  p red ic t ions  than behaviour modes. 
"We p r e f e r  t o  take  a f a i r l y  pragmatic view of f o r e c a s t i n g  precision: 
t h a t  a fo recas t  made for pol icy  is accura te  enough i f  making i t  more 
accu ra t e  would not demand a change in t h e  i n fe rences  drawn from, cr 
p o l i c i e s  based on, t h e  forecast ."  (145) 
I n  t h e i r  view t h e  world models f a l l  s h o r t  of t h i s  s tandard.  
"What, then,  remains of Forres te r ' s  and Meadows' e f f o r t s ?  Nothing, it 
seems t o  us, t h a t  can be immediately used f o r  po l icy  formation by 
dec is ion  makers; a technique, one among several - system dynamics - of 
promise which needs improvement; b u t  above a l l  a chál lenge to  a l l  
concerned w i t h  man's f u t u r e  to  do be t te r . " ( l46)  
They also advance o the r  s t r a n d s  of model t e s t i n g  such as 
simplicity,linearization and s e n s i t i v i t y  ana lys i s .  L e t  us consider the 
s i m p l i c i t y  requirement first. 
"we suggest  that a primary requirement f o r  t h e  model t o  be of value is 
t h a t  it should be as simple as poss ib l e  ... I n  view of the problems of 
cons t ruc t ion ,  t e s t i n g  and oommunication, Ockham's razor  should be used 
r u t h l e s s l y ,  no material being included simply ' for the sake of it' as 
of ten  seems t o  occur wi th  s imula t ion  modelling."(l47) 
One way of s impl i fy ing  a model is by l i nea r i za t ion  which is t h e  
technique of r ep lac ing  non-linear model r e l a t ionsh ips  by linear ones; 
t h i s  not  only reduces complexity and therefore  a ids  understanding, i t  
a l so  permits t h e  use of o t h e r  t e s t i n g  techniques which only have 
v a l i d i t y  i n  t h e  domain of l inear  systems. As an example of t h e  
usefu lness  of l i n e a r i z a t i o n  they r e f e r  t o  t h e  work of Rademaker e t  a l  i n  
t h e  Netherlandsl48which showed t h a t  World 2 could be t o t a l l y  l i n e a r i z e d  
and reduced t o  some f i v e  s ta te  v a r i a b l e  equat ions  (and some twenty 
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a u x i l i a r y  equat ions f o r  ca l cu la t ing  the  parameters which inf luence the  
s t a t e  v a r i a b l e s )  without a f f e c t i n g  the  s tandard r u n  of the  model. 
Another major f a c e t  of model t e s t i n g  which t h e y  propose is t h a t  of 
s e n s i s t i v i t y  ana lys i s ,  the  aim of which is t o  determine the  r e l a t i o n s h i p  
between a model's behaviour and t h e  uncer ta in ty  i n  t h e  knowledge of its 
parameter values.  The sys tem d y n a m i c i s t s  a l s o  ca r ry  out  a l i m i t e d  form 
of s e n s i t i v i t y  ana lys i s  but - a s  we saw e a r l i e r  - contend t h a t  complex 
systems are i n s e n s i t i v e  t o  parameter uncertainty.  I n  con t r a s t ,  SPRU 
argue t h a t  t he  ana lys i s  should not be c a r r i e d  out  on one parameter a t  a 
time - a s  t h e  SDG had done - b u t  t h a t  one should seek t o  manipulate 
c l u s t e r s  of parameters. 
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"Both F o r r e s t e r  and Meadows, i n  t h e i r  world models, employ one- 
parameter-at-a-time s e n s i t i v i t y  testing, which is i n  genera l  q u i t e  
i nappropr i a t e  t o  a highly i n t e r a c t i n g  model involving considerable  
non l inea r i t i e s . " ( l49 )  
In fact, throughout t h e i r  c r i t i q u e  of the  world models SPRU endeavoured 
t o  test  the  effects of a l t e r n a t i v e  assumptions and f o r  them t h i s  
c o n s t i t u t e d  a form o f  s e n s i t i v i t y  t e s t ing .  They a l s o  suggest t h a t  
s e n s i t i v i t y  a n a l y s i s  should be used t o  l o c a t e  redundant v a r i a b l e s  
wi th in  a model - these are then t o  be excluded and the  model thereby 
s impl i f ied .  
Although they regard c r i t i c i s m  as a necesary p a r t  of advancing the  
techniques of modelling, they do not  equate  criticism with r e fu t a t ion :  
"One c e r t a i n l y  should not r e j e c t  a method because of i n t r i n s i c  bar r ie rs ,  
e s p e c i a l l y  when they are not  fa ta l .  It seems t o  us not sens ib l e ,  even 
dangerous, that only one method be prescr ibed or t h a t  any one method 
should be neglected."( 150) 
SPRU advocate t h e  use of d i f f e r e n t  models and modelling techniques when 
t a c k l i n g  a problem and indeed, much of t h e i r  work on g loba l  modelling 
has  taken t h e  form of comparative analyses - i n  genera l  they appear t o  
favour an e c l e c t i c  approach. 
A f i n a l  po in t  we w i s h  t o  make w i t h  regard t o  SPRU's approach t o  modelling 
concerns aggregation. They point  out t h a t  although Worlds 2 and 3 were 
pol icy  or ien ted ,  t h e  high level of aggregation involved required a non- 
e x i s t e n t  g loba l  decisionmaker - the i r  pol icy u t i l i t y  w a s  therefore seen 
t o  be quest ionable .  Also, they objected t o  t h e  g loba l  aggregation of 
p o l l u t i o n  i n  the  models because t o  them i t  d i d  not have any empirical  
meaning (of course SDG would contest this). For SPRU an entity such as 
"global pollution" simply does n o t  exist. They support their scepticism 
on this matter by asserting that almost no empirical data concerning 
pollution is available for periods of greater than 10 or 20 years and 
yet SDG had extrapolated global trends on the basis of such data 
concerning specific pollutants. 
"The difficulty is that many 'wholes', such as 'pollution', tend to be 
rather theoretical concepts with a poor empirical base; the statement 
that the pollution level has a certain value does not mean very much and 
a variable 'pollution' can only be quantified in an arbitrary way. Some 
disaggregation into types of pollutants seems essential for meaningful 
quantification." (151) 
Thus, empirical validity to SPRU requires the criterion of 
quantifiability in contrast to the rather intuitive criterion of SDG. 
Lastly, they discuss a test of disaggregation which requires that if 
disaggregation at a specific point notably alters the behaviour of a 
model or the conclusions drawn from it then the model should indeed be 
disaggregated at that point. This test is connected to their suggestion 
that only independent parameters should be aggregated together. 
"A set of parameters can be expected to merit aggregation if they have 
similar properties and are independent (in which case their properties 
are additive) or if they are numerous and interact in a random manner 
(when statistical laws may be used to give rather precise estimates of 
aggregate behaviour, as in the statistical mechanics of gases)."( 152) 
They carried out the test with the World 2 model by separating the world 
into two regions and it was found that the hybrid model gave different 
results to World 2 '53. The argument that only independent parameters 
shoUld be aggregated is also a factor in their criticism of the 
aggregation of capital and technology within the world models. Because 
the productivity of capital is seen to be intimately connected to the 
state of technological knowledge they are not considered to be 
independent. Indeed, SPRU found that the disaggregation of capital and 
technology - by the inclusion of incremental annual improvements in 
agricultural, resource and anti-pollution technologies - was capable of 
eliminating the collapse depicted by the models. In contrast, Forrester 
had only examined the effects of single discontinuous technical 
improvements - these only delayed the collapse for a few years. 
li7 
TAE SOCIAL CORSIRUCTION OF ERROR 
It is c l e a r  t h a t  t o  a c e r t a i n  ex ten t ,  whatever is perceived t o  be wrong 
with the  model - World2 - is whatever t h e  p a r t i c u l a r  group i n  quest ion 
t akes  it t o  be. That is, t h e  source of t h e  e r r o r  is not  f u l l y  determined 
by t h e  model i t s e l f .  Rather, there  is an i r r e d u c i b l e  s o c i a l  f a c t o r  - each 
group involved may perce ive  a d i f f e r e n t  e r r o r  and accord i t  a d i f f e r e n t  
status. This  f a c t o r  is s o c i a l  because i t  is loca ted  i n  the  d i f f e r e n t  
s t y l e s  of thought which are s o c i a l l y  shared by t h e  two groups. 
It  is important he re  t o  note  t h a t  t h e  development of t h e  debate  d id  not 
converge towards some u l t ima te  s i n g l e  t r u t h  - rather the  outcome (i.e. a s  
far as each group saw i t )  was s o c i a l l y  shaped o r  negot ia ted,  by which we 
mean t h a t  i t  emerged through the  processes  of argument amongst the 
members of each group. During the  course of t he  deba te  different  
p o s i t i o n s  emerged from t h e  MIT group but t h e  conclusions from the 
o r i g i n a l  model remained upheld. Fur ther ,  though t h e  SPRU backcast of 
World 2 came t o  be seen as l e g i t i m a t e  t h e  MIT group continued t o  r e s i s t  
t h e  genera l  use  of backcast ing as a way of model testing. Not a l l  t h e  
contenders  viewed t h e  anomalies i n  the  same way, l o g i c  o r  o b j e c t i v i t y  is  
not t h e  f i n a l  a r b i t e r  here as i t  wasn't w i t h  t h e  controversy over the 
Euler-Descartes con jec tu re  or indeed any c l a s h  of opposing systems of 
thought. Thus, t o  state the  poin t  again,  t h e  outcome of t h e  debate - the  
development of each group's pos i t i on  - was a s o c i a l  product which the 
d i f f e r e n t  groups involved construed i n  d i s p a r a t e  ways.The anomaly was a 
d i f f e r e n t  t h i n g  f o r  SDG and SPRU and t h i s  d i f f e r e n c e  depended on 
judgement. Moreover, SDC ta lked  of t h e i r  model, they were defending 
t h e i r  theory of t h e  world. SPRU, i n  con t r a s t ,  were not defending a theory 
of t h e  world so much as c r i t i c i s i n g  t h a t  of SDG. We might a l s o  note t h a t  
Erickson and Pikul  who upheld backcast ing and extended t h e  work of SPRU, 
neve r the l e s s  had a h igh ly  favourable  view of system dynamics. 
"These problems, o f  course,  do not  d e t r a c t  from t h e  t r u l y  monumental 
achievement of P o r r e s t e r  and Meadows i n  in t roducing  system dynamics 
I n t o  world pol icy  cons idera t ions ,  and i n  fact, awakening t h e  world t o  the 
poss ib l e  predicament facing it in t h e  twen ty - f i r s t  century." (154) 
The d i f f e r e n c e s  between SDG and SPRU can be  loca ted  i n  t h e i r  d i f f e r e n t  
s t y l e s  of thought - which i n  t h i s  p a r t i c u l a r  debate  we have seen i n  
t h e i r  confl ic t ing a t t i t u d e s  towards models, anomalies and model 
improvements. 
We have char ted  t h e  formal p o s i t i o n s  of  each group but t h e s e  are the  
outcome of the  broader arguments and counterarguments in which t h e  MIT 
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and SPRU g roups  were locked. The d e b a t e  d i d  no t  reach a c o n s e n s u s  b u t  i t s  
s o c i a l  n a t u r e  is unavoidable .  Meadows saw a c o g n i t i v e  g u l f  between the 
two groups: 
"A minimum l e v e l  of t r a i n i n g  and e x p e r i e n c e  i n  feedback s y s t e m s  and 
c o n t r o l  t h e o r y  i s  a p r e r e q u i s i t e  f o r  t h e  c o n s t r u c t i o n  and a n a l y s i s  of 
sys t em dynamics models. Without t h a t  t r a i n i n g  i t  is p o s s i b l e  t o  make 
e l e m e n t a r y  m i s t a k e s  and t o  expend unnecessary ene rgy  a n a l y s i n g  
i r r e l e v a n t  issues ."  ( 155) 
To t h i s  we would l i k e  t o  add t h e  d i f f e r e n c e  i n  t h e i r  r e s p e c t i v e  group or 
p r o f e s s i o n a l  boundar i e s .  
I n  a n  ar t ic le  by B l ~ o r ' ~ ~ ,  Lakatos '  a c c o u n t  of t h e  Eu le r -Desca r t e s  
c o n t r o v e r s y  is a n a l y s e d  i n  t e rms  of t h e  gr id-group theory.  He associates 
each of Lakatos's strategies w i t h  a s p e c i f i c  s o c i a l  s t r u c t u r e  and 
cosmology - see F i g u r e  ( 9 ) .  Bloor a r g u e s  t h a t  t h e  i n t e l l e c t u a l  or  
c o g n i t i v e  b o u n d a r i e s  of t he  ma themat i c i ans  involved were n e g o t i a t e d  
i n t o  l i n e  w i t h  t h e i r  s o c i a l  boundar i e s ,  and t h a t  t h e s e  in t u r n  
c o n d i t i o n e d  t h e i r  p e r c e p t i o n  and r e s p o n s e  t o  anomaly. The  s o c i a l  
b o u n d a r i e s  i n  q u e s t i o n  were those  which d e f i n e d  them as d i s t i n c t  social  
g r o u p s  - e.g. w i t h i n  t h e i r  u n i v e r s i t y  departments .  Bloor d o e s  not r u l e  
o u t  c e r t a i n  i n d i v i d u a l  d i f f e r e n c e s  w i t h i n  t h e s e  g roups  b u t  a r g u e s  t h a t  
t h e y  c o l l e c t i v e l y  developed and ma in ta ined  s o c i a l l y  a c c e p t e d  forms of  
knowledge (e.g. t h e  c l a s s i f i c a t i o n  o f  polyhedra and how t o  t reat  
coun te rexamples ) .  
Anomalies n o t  o n l y  p o s e  t e c h n i c a l  d i f f i c u l t i e s  b u t  a l s o  take on moral 
s i g n i f i c a n c e  f o r  t h e y  can be s e e n  t o  d i s t u r b  t h e  ' p rope r '  or ' na tu ra l '  
o r d e r  of t h i n g s  (as we s a i d  earlier, t h e y  v i o l a t e  c l a s s i f i c a t o r y  
schemes). T h i s  is p a r t i c u l a r l y  so i n  t h e  case of monster  b a r r i n g  - i n  
c o n t r a s t  t o  t h e  s t r a t e g y  of p r o o f s  and r e f u t a t i o n s  where anomal i e s  have 
no social  or moral s i g n i f i c a n c e  a t  al l .  With s t r o n g  boundaries  
( c o g n i t i v e  and s o c i a l )  anomalies r e p r e s e n t  p o t e n t  t h r e a t s  b u t  w i t h  weak 
b o u n d a r i e s  t h e y  become r a t h e r  a s o u r c e  of puzzlement. 
Can w e  u s e  these n o t i o n s  i n  a similar way i n  order t o  s p e c u l a t e  abou t  
t h e  development of t h e  d e b a t e  conce rn ing  b a c k c a s t i n g ?  More s p e c i f i c a l l y ,  
can  we s a y  t h a t  the anomal i e s  i nvo lved  had any moral s i g n i f i c a n c e  for 
t h e  sys t em d y n a m i c i s t s ;  d i d  t h e y  t h r e a t e n  t h e i r  sense of p rope r  o r d e r ?  
To answer t h i s  w e  s h o u l d  a g a i n  c o n s i d e r  t h e  social  d i f f e r e n c e s  between 
t h e  g r o u p s  a t  MIT and Sussex which we d i s c u s s e d  earlier. 
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The MIT group harboured some i n t e r n a l  d i f f e r e n c e s  abou t  b a c k c a s t i n g  and  
t h e  impor t ance  of  t h e  anomalies ,  b u t  t h e y  shared a common i d e n t i t y  as 
sys t em d y n a m i c i s t s  - which t h e y  defended i n  the  face of SPRU's c r i t i q u e .  
Moreover, t h e y  were committed both t o  t h e  po tency  o f  system dynamics as 
a mode l l ing  t e c h n i q u e  and t o  t h e  c o n c l u s i o n s  i n f e r r e d  from t h e  World 2 
model. Those c o n c l u s i o n s  d i d  n o t  i n  fact  s t a n d  s o l e l y  on t h e  r e s u l t s  of 
one p a r t i c u l a r  model b u t  were underpinned by t h e i r  be l ie f  i n  t h e  
p r o p e r t i e s  o f  complex systems. The s e n s e  o f  p r o p e r  or n a t u r a l  o r d e r  f o r  
them was r o o t e d  i n  t h e i r  g e n e r a l  s y s t e m - t h e o r e t i c  p e r s p e c t i v e  which - 
as we a rgued  b e f o r e  - a c c o r d s  an o n t o l o g i c a l  s t a t u s  t o  systems. 
F u r t h e r ,  t h e i r  s e n s e  of i d e n t i t y  was n o t  o n l y  cemented by a s h a r e d  
ph i losophy  and commitment but ,  more i m p o r t a n t l y ,  by a sha red  set o f  
m o d e l l i n g  p r a c t i c e s . T h e s e  were the  a c c e p t e d  - or as modern s o c i o l o g i s t s  
such  as L a t o u r  '57say - s o c i a l l y  ' n e g o t i a t e d '  p rocedures  f o r  b u i l d i n g  
and t e s t i n g  models. (These p r a c t i c e s  s t r e t c h  back ove r  many a p p l i c a t i o n s  
t o  t h e  1950s.) 
A r e f l e c t i o n  o f  t h e  c l o s e - k n i t  a s p e c t  o f  the  g roup  can be s e e n  i n  t h e  
fact t h a t  a number of t h e  system dynamics p u b l i c a t i o n s  r e l i e d  h e a v i l y  
upon each o t h e r  w i t h  l i t t l e  s u b s t a n t i a l  reference to, or a n a l y s i s  of, 
o u t s i d e  work. We might a l s o  mention t h a t  a model c o n s t r u c t e d  w i t h o u t  
d a t a  does  n o t  l e a d  i t s  c r e a t o r s  i n t o  d i s c o u r s e  w i t h  t h o s e  e x p e r t s  or 
b o d i e s  of knowledge i n  t h e  f i e l d s  from whence such  information c o u l d  be  
sought. 
T h e r e f o r e ,  i n  d e f e n d i n g  t h e  c o n j e c t u r e  a b o u t  systems, t h e  world model 
and its p r e d i c t i o n s ,  t h e y  were s e e k i n g  to p r e s e r v e  both t h e  c o g n i t i v e  
b o u n d a r i e s  which d i s t i n g u i s h  system dynamics from o t h e r  t e c h n i q u e s  and 
the c o r r e s p o n d i n g  p r o f e s s i o n a l  o r  group b o u n d a r i e s  which u n d e r p i n  and 
r e i n f o r c e  t h e i r  own i d e n t i t y .  P a r t i c u l a r l y  i n  t h e  face of t h e  cri t icism 
from SPRU - and indeed  t h e  s c i e n t i f i c  community more g e n e r a l l y  - these 
b o u n d a r i e s  were a l l  t he  more s h a r p l y  p e r c e i v e d  and ma in ta ined .  I n  t h i s  
type of social e x p e r i e n c e  anomaly can t a k e  on t h e  symbol of a 'monstrous' 
t h r e a t ;  i t  undermined t h e i r  s e n s e  o f  p rope r  o r d e r  and t o  have 
a s s i m i l a t e d  i t  would have r e q u i r e d  g i v i n g  up what t h e y  s t o o d  Por. 
Moreover, the  anomaly was a t h r e a t  t o  t h e i r  p r o f e s s i o n a l  and group 
i d e n t i t y  - and l i v e l i h o o d  as m o d e l l e r s  - as much as t h e i r  c o g n i t i v e  
boundar i e s .  
On the o t h e r  hand, SPRU were h i r e d  as c r i t i c s ,  t h e y  were commissioned t o  
test the  w o r l d  models and t h e  system dynamics t echn ique .  As a rather 
more diverse team - who d i d  n o t  s h a r e  a common f a i t h  i n  any g i v e n  
t e c h n i q u e  - t h e y  were less d i s t i n c t l y  bounded as a group. A s i g n i f i c a n t  
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range of perspec t ives  - both academic and p o l i t i c a l  - can be  seen (and 
is acknowledged) i n  t he  SPRU c r i t i q u e ;  moreover, we have noted e a r l i e r  
t h a t  s u b s t a n t i a l  re fe rence  t o  work i n  o ther  f i e l d s  is a l s o  much i n  
evidence. 
Corresponding t o  t h e s e  more open social and cogn i t ive  boundaries we have 
discerned a r e l a t i v e l y  more open a t t i t u d e  t o  anomalies and a p rac t i ce  of 
genera t ing  them i n  order  t o  t e s t  models and t h e i r  conjectural  
assumptions. T h i s  of course is not t o  suggest t h a t  SPRU measure up t o  the 
method of 'proofs  and r e fu t a t ions '  i n  any abso lu te  sense but, ra ther ,  
t h a t  they were r e l a t i v e l y  c l o s e r  t o  it i n  comparison t o  the  system 
dynamicists. 
O f  course i t  could be s a i d  t h a t  t h e y  too shared a commitment; for 
example, t h a t  t h e y  had a comon i n t e r e s t  i n  c r i t i c i s i n g  t h e  World 2 
model. However, t h e  i d e n t i f i c a t i o n  of s o c i a l  interests does not 
i n v a l i d a t e  e i t h e r  a m o d e l  or c r i t i c i s m  of it. What is important here is 
the  way i n  which two d i f f e r e n t  s t y l e s  of thought may both be underpinned 
by s o c i a l  i n t e r e s t s  and y e t  lead t o  con t r a s t ing  s t y l e s  and content of 
knowledge. 
Soc ia l  boundaries - rather than s o c i a l  in terests  - mediate and reinforce 
cogn i t ive  boundaries and we have a s se r t ed  t h a t  t he  s t ronge r  group 
boundary of t he  system dynamicists is r e f l e c t e d  in t h e i r  defensive 
a t t i t u d e  towards anomalies. SPRU on the  o ther  hand - i n  t h i s  case a t  
least - appear t o  be in t r igued  by anomaly. Thei r  l ive l ihood depended not 
on bui ld ing  and defending models b u t  upon ques t ion ing  them, upon asking 
why t h e  d i f f e r e n t  assumptions upon which they r e s t ed  should be accepted. 
We should a l so  set  SEWS responses i n  a developmental contex t  because i t  
is poss ib l e  t o  show t h a t  t h e i r  o f f i c i a l  a t t i t u d e  t o  t h e  backcastíng 
anomaly was a t  var iance  with Forres te r ' s  own methodological pos i t ion  as  
set ou t  i n  I n d u s t r i a l  Dynamics. There, i n  a sec t ion  on model t e s t i n g  we 
f ind  t h e  fol lowing statement: 
"Another effective test of a model is t o  a t tempt  t o  p rec ip i t a t e  
a d d i t i o n a l  obvious inadequacies  by t e s t i n g  the  model over an unusually 
wide environmental range (but  still wi th in  the  ob jec t ives  of the 
inves t iga t ion ) .  T h i s  may well be a range wider than h a s  ever been 
encountered by t h e  actual system. Much of our  knowledge of a system is i n  
t he  form of knowing what would happen under var ious  crisis bonditions.  A 
breakdown of the  model p o l i c i e s  under 'reasonable' c r i s i s  tests often 
r e v e a l s  de fec t s  t h a t  a f f e c t  model performance even i n  more normal 
circumstances." ( 158) 
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ow o f  c o u r s e  t h e  l o c u s  o f  t h i s  p o s i t i o n  r e v o l v e s  around w h a t  is t o  be 
o n s i d e r e d  a s  “ r e a s o n a b l e ”  b u t  i t  s t i l l  s t a n d s  as an e v o c a t i o n  o f  t h e  
:se o f  crisis c o n d i t i o n s  t o  unde r s t and  and t h e r e b y  improve a model, 
ihich i s  e x a c t l y  what SPRU had t r i e d  t o  do w i t h  World 2. 
‘he d i f f e r e n c e s  between t h e  p e r i o d s  of i n d u s t r i a l  and world dynamics 
{ere t h a t  SDG had been formed w i t h  i ts own l a b o r a t o r y ,  t h e i r  work had 
,ecome more d a t a  independen t  as i t  was expanded t o  each new domain, and 
:hey r e l i e d  more h e a v i l y  on i n t e r n a l  c r o s s - r e f e r e n c i n g .  The i n d u s t r i a l  
iynamics t e c h n i q u e  developed i n t o  a s h a r e d  worldview which was renamed 
‘system dynamics’ f o r  it was t h e n  p e r c e i v e d  as a general sys t ems  theo ry .  
Moreover, t h e  models o f  c o r p o r a t i o n s  had been r a t h e r  t e c h n i c a l  
d e s c r i p t i o n s  of  p r o d u c t i o n  systems etc., whereas the wor ld  models 
r e p r e s e n t e d  t h e  v e r y  b a s i s  o f  t h e  system dynamics ph i losophy  and 
p e r s p e c t i v e ,  and t h e y  were meant t o  c a r r y  a message t o  t h e  whole world. 
Thus, system dynamics was embraced by a set of r e s e a r c h e r s  who were 
d i s p l a c e d  f u r t h e r  along t h e  group axis of  Douglas’ d i ag ram and i n  fact  
t h i s  was r e i n f o r c e d  as t h e y  c l o s e d  r a n k s  i n  t h e  face of o p p o s i t i o n  from 
cr i t ics  such  as SPRU. 
Thus, as t h e  na ture  of t h e  s o c i a l  l o c a t i o n  w i t h i n  which t h e  e v o l v i n g  
sys t ems  t h e o r y  r e s i d e d  i tself  developed - from F o r r e s t e r  and a f e w  
colleagues and s t u d e n t s ,  t o  a r e s e a r c h  group i n  i t s  own right - s o  too 
d i d  t h e  nature  of anomalies - from t e c h n i c a l  p u z z l e s  f o r  improving 
models t o  v i o l a t o r s  of t h e i r  sense of p r o p e r  o r d e r .  
The re  are s u b s t a n t i a l  t e c h n i c a l  d i f f e r e n c e s  - b u t  a l s o  some 
similarities - between t h e  approach t o  m o d e l l i n g  p r a c t i s e d  by each 
group. SDC embrace a un ive r sa l  framework and b u i l d  models which are 
l a r g e l y  independen t  of formal e m p i r i c a l  c o n s i d e r a i o n s .  SPRU, on t h e  
o t h e r  hand, r e p e a t e d l y  emphasize t h e  need t o  c a l i b r a t e  models, t o  ground 
them i n  q u a n t i t a t i v e  e m p i r i c a l  data. T h i s  d i f f e r e n c e  is p a r t l y  e x p l a i n e d  
by SDG’s greater pragmatism concerning t h e  q u e s t i o n  of model purpose. 
T h i s  pragmatism is e s s e n t i a l l y  an ins t rumenta l  a t t i t u d e  towards 
modelling: model pu rpose  ( t h e  end)  d i c t a t e s  t h e  selection of model 
p a r a m e t e r s  and t h e  d e g r e e  o f  a c c e p t a b l e  p r e c i s i o n  in t h e  knowledge of 
them ( t h e  means). I n  c o n t r a s t ,  SPRU imply t h a t  t h e  c h o i c e  of pu rpose  is 
c o n s t r a i n e d  by t h e  e m p i r i c a l  v a l i d i t y  and q u a n t i t a t i v e  knowledge of t h e  
s e l e c t e d  model parameters .  On t h e  p o i n t  o f  model purpose,  t h e r e f o r e ,  we 
suggest t h a t  SDG a p p e a r  lower g r i d  t h a n  SPRU. 
Both g r o u p s  c o n s i d e r  i t  i m p o r t a n t  t h a t  a model h a s  s u r p l u s  content, t h a t  
i t  is a b l e  t o  p r e d i c t .  SDG p r o v i d e  t h e o r e t i c a l  j u s t i f i ca t ions  for t h e i r  
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predictions - based upon the properties of feedback systems - whilst 
SPRU require more formal empirical verification. The former only claim 
to predict behaviour modes whilst the latter prefer more precise 
predictions of system states. In terms of judging model predictions, 
then, SPRU's position (empirical) is lower grid than S D G ' s  (formal). 
As far as aggregation is concerned, both groups relate it to empirical 
considerations but differ as to what can actually be taken as empirical; 
SPRU, for instance, do not accept the global aggregation of pollution. 
SDG accept "real-world" intuitive observations whilst SPRU again 
require meaningful quantification. This disparity between intuitive and 
quantitative knowledge is one reflecting a difference between higher 
and lower grid. 
SPRU discuss model testing to a greater extent; indeed, they propose a 
battery of empirical and formal test procedures, together with 
techniques for simplifying models. Moreover, whilst S D G ' s  articulation 
of assumptions lies at the level of model structure - they enunciate 
concepts and justify them on formal grounds - SPRU aim to challenge the 
'labels' that are used and supplement this with empirical arguments. 
Whether it is the degree of aggregation or implicit assumptions about 
technological change, SPRU manifest a curiosity in examining the 
underlying basis involved. This is complemented by their comparative 
approach to modelling. 
Each group expounds a systems perspective but with a number of important 
disparities; f o r  example, both stress the interdependence of system 
elements but S D G  go further and assume that system elements share a 
comon pupose or goal. This rests on the further assumption that the 
goal can be decided relatively unproblematically and it is  a mark of 
higher grid for at root it implies that the goals are real and not mere 
interpretations. 
We have now completed the second stage of our analysis and have 
elucidated the thought styles of SDG and SPRU; we have also interpreted 
these styles in terms of the grid-group diagram. In the following two 
Sections - 4.5 and 4.6 - we will discuss the content of their 
cosmologies, including their beliefs about knowledge, nature, man and 
society, and time. 
4.5 THE COSMJLW OETRE-SYSTEM DYNAMICS GROUP 
KNOWLEDGE 6.5.' 
The s y s t e m  dynainicisLs'  view of ii:;c,wledgc i n p l i c i  1 y  s t a n  s upcn what 
:< i t rof f  rind i u r o f f ' 5 ' ' J d e s c r i " e  i s  " r i t i o n a i i s t "  i r  " í x i b n i t z i a n "  ground; 
by this t hey  rcean i t  s y s t e n  ,?j-?amic? mo::n:s are l a r g e l y  J : ; s t i f i e d  
i n d e p e n d e n t l y  of en;.lrica: cxz.l!3er?it ions.  lk? : , J s t , i f i c a t i o n ,  cf c o u r s e  
l i e s  i n  t h e  a l l e g e - l  u n i v z r s a l i t : ;  of feedback s t r u c t u r e s  .which are 
p o s i t e d  as l y i n g  kcnea th  d i f f e r c i ? t  g e c g r a p h i t a l ,  h i s t c r i e i i ,  sucial, 
c u l t u r a l ,  econon ic  o r  p o i i t i c a i  - i n t e x t s  - t h e  p r i n c i p l e s  uf  f eedback  
s t r u c t x : r e s  are c i J r i r ed  t a  be 3, 'pl izable  57  a11 syst,ezs t h a t  change 
th rough  time. I n d e e l ,  t h i s  is what  unde rp ins  t h e  r . e i a t i v e  iuiportances 
a s s i g x e d  t o  s t r u c t u r e  and da t a  i n  system dynzaics .  
I t  m i i s t  be no ted  t h a t  t h e  s y s t e n  d y n a m i c i s t s  do a c t u a l l y  d i s y l a y  some 
, , v e r s i t y  il w i t h  r e g a r d  t o  t h e  ::se of d a t û .  $;:!i F o r r e s t e r ' s  i a t e r  work - 
o:; i r i i m  and twr1d dynamics - we :'in3 t h a t  :is .v;rt i ial ly eschewed t h e  use  
t i s t i c a l  an3 t.ime-seric:; d:>tz and str :  ly rcaintaized his thesis 
t k t  c ~ m p 1 . e ~  sys t em were ins . t : i ; i t i vc  t o  ti;.: m c e r t a i n t l e s  I n  d a t a .  I n  
con:.r.ast, t h e r e  m s  a c o n c e r t e d  e f fs r t .  on t h e  ;iai-t of  t h e  World 3 p r o j e c t  
t e m  - headed by Meadows - t o  c r y  and c a l i b r a t e  many of t h a t  model's 
parameters .  Even so,  Meadows admi t t ed  t h a t  pe rhaps  on ly  0.1% of t h e  d a t a  
re-, ' t i red f o r  t h e  m d e l  was a c t u a l l y  a v a i l a b l e  . 1 60 
The s y s t e m  d y n a o i . c i s t s  stress t h e  use of  i n f o r m a l  e m p i r i c a l  s o u r c e s ;  
t h e y  se t  great  s t o r e  i n  ' l e a r n i n g  by doing'  and b e l i e v e  t h a t  a knowled-,e 
-.f feedback s y s t e r s  c o n e s  ?m% p r a c t i c a l  em?iri ial  e x p e r i e n c e  w i t h  such 
systems. Moreover, t h e  s t r c - t u r e  of  a s y s t e m  dynamics model is  
c o n s t r u c t e d  from d e s c r i p t i o i . , ~  based upon " i n t u i t i o n  and in s igh t " .  
Speaking abou t  t h e  need t o  i n c l u d e  t h e  " l e a s t  p r e c i s e  b u t  most 
comprehensive" i n f o r m a t i o n  i n  system dynamics models, Meadows states: 
"Estimates of such unmeasured, i n t u i t i v e  v a r i a b l e s  are genera l ly  
included...on t h e  a s s u n p t i o n  t h a t  t h e i r  i n c l u s i o n ,  even w i t h  some 
i n a c c u r a c y ,  p roduces  a more r s e f u l  and a c c u r a t e  r e p r e s e n t a t i o n  of t h e  
t o t a l  system than  d o e s  t h e i r  omis ion ."  ( 1 6 1 )  
S i m i l a r l y ,  F c r r e s t e r  u r g e s  t h a t  i t  i s  b e t t e r  t o  i n c l u d e  a pa rame te r  
whose magnitude is u n c e r t a i n  bu t  which is known t o  i n f l u e n c e  t h e  system, 
r a t h e r  t h a n  t o  omi t  it. 
The system dynamics framework s e e k s  t o  e x p l a i n  real  world behav iour  and 
d o e s  so on t h e  b a s i s  t h a t  a l l  complex systems share similar p r o p e r t i r s .  
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Such e x p l a n a t i o n s  are no t  p r i m a r i l y  c a u s a l ;  i n  f a c t ,  t h e  a c t u a l  concep t  
of c a u s a l i t y  is s e e n  t o  be p rob lema t i c .  T h i s  is bec.aiJse mutual-causal 
p r o c e s s e s  - t h a t  is, 2 r o c e s s e s  where 'A '  z a u s e s  '5' and '5' causes 'A '  - are  
seen a s  an e s s e n t i a l  c h a r a 2 t e r i s t i . c  of feedback systems. They do d i s c u s s  
calise and e f f e c t  t o  a cer ta in  e x t e n t ,  b u t  i t  is c n l y  z t  a g e n e r a l  l e v e l  
i n  terms of  t h e  p r o p e r t i e s  ( c a r s e s )  of f eedback  s t r . u c t u r e s  a n 3  system 
behav iour  ( symptom or e f f e c t s ) .  
F o r r e s t e r  h a s  asserted t h a t  an a i d  t o  u n d e r s t a n d i n g  a g i v e n  set. of 
o b s e r v a t i o n s  l i e s  i n  t h e  Tact t.hat t hey  " m u s t  f i t  i n t o  a 1i.mited niimber 
cf c a t e g o r i e s " .  T ! i i s  mes::s t h a t  a n o m l o u s  o b s e r v a t i o n s  are  u n l i k e l y  t o  
remain r e c a l c i t . r a n t :  they w i l l  be f i t t e d  i n t o  t h e  e x i s t i n g  c a t e g o r i e s  
r a t h e r  t han  serve as t h e  b a s i s  for new mes. T h i s  i s  a n o t h e r  consequence 
o f  ' L e i b n i t z i a n i s n '  for i f  a l l  complex s y s t e m  share t h e  sme p r o p e r t i e s  
t h e r e  is no need t o  l o c k  beyone t.he e x i s t i n g  c a t e g o r i e s  - a1.l 
o b s e r v a t i c n s  are e x p l a i n e d  a c c o r d i n g  t o  expec ted  syst.en behav iour  modes. 
I n  fact ,  t h e  a l l e g e d  g e n e i a l i t y  of  system, dynamics i r  a c t u a l l y  on ly  one 
i n s t a n c e  of t h e  way F o r r e s t e r  p o s i t s  u n i v e r s a l  forms of knowledge; f o r  
example, a l thwdgh he b e l i e v e s  t h a t  Newton's laws, t h e  laws of 
thermodynzmics and E i n s t e i n e a n  r e l a t i v i s t i c  are s e p a r a t e ,  h e  c o n s i d e r s  
t h a t  t h e y  are b u t  p a r t s  of some f d t u r e  "b roade r  u n i f y i n g  concept"  162. 
The r e l i a n c e  on t h e  fo rma l  t h e o r y  embodied i n  system dynamics is 
combined w i t h  l a b o r a t o r y  e x p e r i m e n t a t i o n  and F o r r e s t e r  claims t h a t  
" s u r p r i s i n g  d i s c o v e r i e s "  are t h e  r e s u l t .  
We o b s e r v e  t h a t  r e l a t i v e l y  s i m p l e  s t r u c t u r e s  produce much of t h e  complzx 
behav io r  of r?a:-life systems."( 163) 
The system d y n a m i c i s t s  claim t h a t  t h e i r  method h a s  t h e  advan tage  t h a t  - 
when compared t o  o t h e r  mode l l ing  t e c h n i q u e s  - social  and p s y c h o l o g i c a l  
f a c t o r s  can be b u i l t  i n t o  t h e i r  models. Such f a c t o r s  are i m p l i c i t l y  
r e p r e s e n t e d  i n  the  p a r a m e t e r s  i n f luenc ing  t h e  rate o r  p o l i c y  e q u a t i o n s .  
Fo r  example, t h e  pa rame te r  which a d j u s t s  t h e  d e a t h  ra te  i n  World 2 i n  
acco rdance  w i t h  t h e  l e v e l  of crowding is fo rmula t ed  t o  reflect t h e  
e f f e c t s  of p s y c h o l o g i c a l  and s o c i a l  stress. T h e i r  c o n f i d e n c e  i n  t h i s  
approach  t o  ' s o f t '  v a r i a b l e s  l e a d s  t o  t h e  statement t h a t  a n y t h i n g  t h a t  
can  be d e s c r i b e d  a b o u t  a s o c i a l  sys t em "can b e  r e p r e s e n t e d  i n  a 
l a b o r a t o r y  model". T h i s  complements t h e  i d e a  t h a t  an ultimate s i m p l i c i t y  
lies benea th  t h e  c o m p l e x i t i e s  o f  obse rved  behaviour .  F u r t h e r ,  we f i n d  
r e p e a t e d  stress on t h e  need to  be e x p l i c i t  and t h e  assertion t h a t  fo rma l  
computer models make all assumpt ions  open t o  criticism. 
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"S ince  o u r s  is a formal ,  o r  ma themat i ca l  model it, a l s o  h a s  two i m p o r t a n t  
a d v a n t a g e s  ove r  men ta l  models. F i r s t ,  e v e r y  asumption w e  make is w r i t t e n  
i n  a p r e c i s e  form so t h a t  i t  is open t o  i n s p e c t i o n  and c r i t i c i s m  by a l l .  
Second, a f t e r  t h e  a s sumpt ions  have been s c r u t i n i z e d ,  d i s c u s s e d ,  and 
r e v i s e d  t o  a g r e e  w i t h  oiur b e s t  cu r ren t  knowledge, t h e i r  i m p l i c a t i o n s  f o r  
t h e  f u t u r e  behav io r  o f  t h e  world s y s t e m  c a n  be t r a c e d  w i t h o u t  e r r o r  by a 
computer,  no matter how compl i ca t ed  they  become. We fee l  t h a t  t h e  
a d v a n t a g e s  l i s t e d  above make t h i s  model un ique  among a i l  ma themat i ca l  
and mental world models a v a i l a b l e  today." Meadows (164) 
S i m i l a r l y ,  F o r r e s t e r  a s s e r t s :  
"The good mode l l e r  can d i s c u s s  t h e  issues s u r r o u n d i n g  h i s  s u b j e c t  
w i t h o u t  c o n t r a d i c t i n g  himself .  Such l a c k  of  i n t e r n a l  c o n t r a d i c t i o n  is a 
g o a l  t h a t  no p u b l i c  o f f i c i a l  can a c h i e v e  based on a l i b e r a l  arts 
e d c c a t i o n ,  and i n t u i t i o n .  The m o d e l l e r  can know e x a c t l y  t h e  a s sumpt ions  
h e  h a s  made. Without  a shadow o f  a doubt ,  he can  de te rmine  t h e  dynamic 
consequences  t .hat  f o l l o w  from t h o s e  assumptions. ' '  165) 
What i s  cf i n t e r e s t  h e r e  i s  t h e  c o n v i c t i o n  a b o u t  t h e  c e r t a i n t y  of  t h e  
knowledge which t h e y  posses s ;  i t  ass'mes t h a t  a l l  p remises  can be made 
e x p l i c i t  and would imply t h a t  t h e y  p e r c e i v e  clear, we l l -de f ined  
c a t e g o r i e s  i n  a l l  t h i n g s  - whether i n  t h e  realm of p h y s i c a l  sys t ems  o r  
s o c i a l  systems.  
4.5.2 NATURE 
As r e g a r d s  n a t u r e ,  we can  d i s c e r n  a complex a r r a y  of  e x p l i c i t  and 
i m p l i c i t  a s sumpt ions  which convey a d i s t i n c t i v e  view of t h e  na tuca l  
environment  (some o f  t h e s e  a s sumpt ions  w i l l  o n l y  gain f u l l  impor t  i n  t h e  
l i g h t  o f  t h e i r  views on man and s o c i e t y ) .  The most e x p l i c i t  a s sumpt ions  
a b o u t  na ture  are commonplace f e a t u r e s  o f  system dynamics l i terature:  f o r  
i n s t a n c e ,  t h e  t i t l e s  o f  t h e  books The L i m i t s  t o  Growth and The Dynamics 
o f  Growth i n  a F i n i t e  World are t y p i c a l  examples which c a r r y  t h e  view of 
n a t u r e  as l imi t ed166 .  It is assumed t h a t  n a t u r e  c o n t a i n s  a given f i n i t e  
and e x h a u s t a b l e  s t o c k  of r e s o u r c e s ;  t h e r e  are a l s o  limits t o  t h e  amount 
of p o l l u t i o n  t h a t  na ture  can a b s o r b  and t o  the  u l t ima te  leve l  of food 
p roduc t ion .  S i m i l a r l y ,  t h e r e  is a p o s i t e d  l i m i t  t o  t h e  p o s s i b l e  l e v e l s  o f  
crowding; a s  p o p u l a t i o n  d e n s i t y  rises " p s y c h o l o g i c a l  f a c t o r s ,  fear, and 
t h e  t h r e a t  from world c o n d i t i o n s "  r e d u c e  t h e  b i r t h  rate. S i m i l a r l y ,  t h e  
d e a t h  r a t e  rises as a consequence o f  " p s y c h o l o g i c a l  effects,  s o c i a l  
stresses t h a t  cause crime and i n t e r n a t i o n a l  conf l ic t ,  t h e  p r e s s u r e s  t h a t  
can l e a d  t o  atomic war, epidemicst t167.  Thus, w e  can  c o n s i d e r  the l i m i t  t o  
crowding t o  be a n o t h e r  n a t u r a l  l i m i t  - n a t u r a l  i n  t h e  s e n s e  t h a t  i t  i s  
somehow programmed i n t o  man as a b i o l o g i c a l  s p e c i e s .  Taken t o g e t h e r  
146 
t h e s e  l i m i t s  unde rp in  t h e  n o t i o n  t h a t  t h e  plaqec. has a f i x e d  " c a r r y i n g  
c a p a c i t y "  - i.e. i t  can  o n l y  s u p p o r t  a f i x e d  l e v e l  of p o p u l a t i o n  a t  a 
g iven  s t a n d a r d  of l i v i n g .  
Nature i s  s e e n  t o  be under  t h r e a t  froin man, h i s  b ~ i r g e o n i n g  numbers, 
i n d u s t r i a l  and a g r i c u l t u r a l  a c t i v i t i e s .  Whi l s t  i t  i s  sugges t ed  t h a t  
there is a danger  i n  t k e  e x p o n e n t i a l  growth of p c ? l u l i ? n ,  i t  i s  t h e  
a l l e g e d  e x p o n e n t i a l  growth of  p o p u l a t i o n  an6 r e s o u r c e  consuming 
i n d u s t r i e s  w k i c h  are cem (2s t h e  fundamental  d i s t u r b i n g  f o r c e s  i n  t h e  
g l o b a l  e o ~ s y ~ t e m ' ~ ~ .  However, d e s p i t e  t h e  t h r e r i t  which man supposed ly  
p c s e s  ta t h e  n a t u r a l  world h e  i s  seen t u  be  f i g h t i n g  a 1osir.g b a t t l e  - 
n a t u r e  c a z n o t  be s u b j u g a t e d  f o r e v e r .  E a . h  t e c h n o l o g i c a l  advance i s  s e e n  
as c e r e l y  a s l i g h t  postponement o f  t h e  time when t h e  f o r c e s  o f  nature 
w i l l  r e s t o r e  e q u i l i b r i u m .  
"Fundamental f o r c e s  o f  n a t u r e  and t h e  s o c i a l  system have Seen l y i n g  i n  
wai t  un t i :  %eLr timc h a s  come."(169) 
World e q u i l i b r i u m ,  t n e r e f o r e ,  is c o n s i d e r e d  t o  t e  t h e  i n e v i t a b ? e  n a t u r a l  
s t a t e  - man m i s t  l i v e  i n  harm.xy u i t h  n a t u r e .  
The memSers sf SDG d e c l a r e  ti:at t h e y  a r e  f o l l o w e r s  of Malthus b u t  w h i l s t  
he on ly  concerned h imse l f  w i t h  ehq; l i m i t  imposed by fuod s u p p l i e s ,  t h e y  
p s i n t  o u t  t h a t  t h e y  have added t h e  limits due  t o  r e s o w c e  d e p l e t i o n ,  
p o l l u t i o n  and t h e  effects  o f  croï-ding. Malthus t o o  spoke of na t .u ra l  
checks  on p o p u l a t i o n  growth bit t h e  systers  d y n a m i c i s t s  g i v e  a much more 
fo rma l  e x p l a n a t i o n  f o r  them based upon s y s t e m s - t h e o r e t i c  
c o n s i d e r a t i o n s .  T h i s  e x p l a n a t i o n  is r o o t e d  i n  t h e  i d e a  t h a t  a s y s t e m 5 3  
e q u i l i b r i u m  s e e k i n g  and r e q u i r e s  a s e t  o f  " p r e s s u r e s  and s t r e s s e s "  i n  
o r d e r  t o  anchor  i t  and p r e v e n t  i ts  d r i f t  o u t  o f  e q u i l i b r i u m .  
Many peop le  have cha rged  t h a t  Ha l thus '  work - i n t e n t i o n a l l y  or n o t  - 
prov ided  l e g i t i m a t i o n  f o r  t h e  i n a c t i o n  o f  t h e  B r i t i s h  Government d u r i n g  
t h e  infamous I r i s h  Famine i n  t h e  1840s; a t  t h a t  time i t  was sugges t ed  
t h a t  t h e  n a t u r a l  c h e c k s  s h o u l d  be a l lowed  t o  t a k e  t h e i r  c c u r s e  o t h e r w i s e  
t h e  f u t u r e  consequences would be even worse. Nature  was t h e r e f o r e  used 
f o r  t h e  pu rposes  of  moral j u s t i f i c a t i o n  and t h e  c h a r a c t e r  of  t h e  system 
dynamics message is ve ry  s i m i l a r .  Indeed,  F o r r e s t e r  - i n  c o n t r a s t  t o  
Meadows - g o e s  s o  fa r  a s  t o  s u g g e s t  t h a t  world food p r o d u c t i o n  cou ld  be 
reduced,  o t h e r w i s e  even more peop le  w i l l  d i e  i n  t h e  coming Collapse.  
Whils t  d i f f e r i n g  w i t h  r e g a r d  t o  t h i s  p a r t i c u l a r  p o l i c y  o p t i o n ,  SDG 
appea r  t o  u n e q u i v o c a l l y  s u p p o r t  t h e  c a l l  t o  s t o p  p o p u l a t i o n  growth. 
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1.5.3 
The n e c e s s i t y  of b a l a n c e  between s o c i e t y  and na t i i r e  'eads t o  t h e  
i m p l i c a t i o n  t h a t  p e r t u r b a t i o n s  of t h e  ' n a t u r a l  w d e r '  are fo l lowed  by a 
' n a t u r a l '  r e s p o n s e  which r e s t o r e s  e q u i l i b r i u m .  S o n s i d e r  t h e  f o l l o w i n g  
argument p u t  forward by ?wrester, i t  a g a i n  r e s o n a t e s  w i t h  Mal th i i s '  i d e a  
of n a t u r a l  c h e c k s  on p-?pulat ion growth. 
"Considor an  ove rpopu la t ed  country.  i t s  s t a n i a r d  of  l i v i r i g  is low, food 
i s  i n s u f f i c i e r . t ,  h e a l t h  is poor,  and mise ry  abounds. Such a c o u n t r y  is 
e s p e c i i l l y  w l n e r a b l -  t o  any n a t u r a l  adversity. . .Floods make many 
homeless;  b u t  i s  t h ã t  because of  t h e  f l o o d  or  because o v e r p o p u l a t i o n  
f o r c e d  p e o p l e  t o  l i v e  i n  t h e  f l o o d  r e g i o n ?  Droughts  b r i n g  s t a r v a t i o n ;  
b u t  is t h a t  due  t o  t h e  weather  o r  t o  t h e  o v e r p o p u l a t i o n  t h a t  made 
s u f f i c i e p t  food s t o c k s  i n p n s s i b l e ?  The c o u n t r y  i s  o p e r a t i n g  i n  t h e  
ove rex tended  taode where a l l  a d v e r s i t i e s  are r e s o l v e d  by a rise i n  t h e  
d e a t h  rate. The proc-s is p a r t  o f  a n a t u r a l  mechanism f o r  l i m i t i n g  
-- f u r t h e r  go-t.? i n  popu la t ion . " (  170) c a p h a s i s  added 
Within s y s t e m  dynamics we f i n d  t h a t  a number of  a n a l o g i e s  are d r a m  
between n a t u r a l  p r o c e s s e s  and s o c i a l  p r o c e s s e s .  For example, t h e  g rcwth  
2nd d e p r e c i a t i o n  of cap:-al is seen t o  be " e x a c t l y  analogous" t o  b i r t h s  
and d e a t h s  i n  p o p 2 l a t i o n  - p h y s i c a l  cap i ta l  t h e r e f o r e  airrors s o c i a l  
'capi ta l"71.  I n  o t h e r  words, natural  p r o c e s s e s  are used as metapkors  f o r  
d e s c r i b i n g  ssc ia l  p r o c e s s e s .  T h i s  is n o t  a l l ,  c o n f l a g r a t i o n  i s  a l s o  seen 
i n  terms of n a t u r a l  metaphors - war is viewed as a somehow ' n a t u r a l '  
outcome o f  a s o c i a l  system p r e s s i n g  u2on nat!ural  limits; i t  is t h e  
s o c i a l  m a n i f e s t a t i o n  of  a system moving towards e q u i l i b r i u m .  
Members of SDG a p p e a r  t o  hold a r a t h e r  p e s s i m i s t i c  view o f  man and h i s  
s o c i a l  i n s t i t u t i o n s  - t hey  r e g a r d  t h e i r  pe r spec t i . ve  as "humble". They 
assume t h a t  i n  g e n e r a l  peop le  tend t o  be o n l y  o r i e n t e d  towards t h e i r  own 
s h o r t - t e r m  s e l f - i n t e r e s t s  and do n o t  b e a r  due  r e s p o n s i b i l i t y  for t h e  
fu tu re .  F u r t h e r ,  p o l i t i c a l  i n s t i t u t i o n s  are a l s o  seen as b e i n g  f a l l i b l e  
i n  t h i s  r e g a r d  - p o l i t i c i a n s  are rega rded  as b e i n g  t i e d  t o  t h e  s h o r t  
span of p o l i t i c a l  o f f i c e  r a t h e r  t h a n  t o  a long-term p e r s p e c t i v e .  
I n s t i t u t i o n s  are viewed as r e l a t i v e l y  i n e r t ,  w i t h  a t endency  t o  t a c k l e  
complex problems w i t h  s i m p l i s t i c  s o l ~ t i o n s ~ 7 ~ .  
If we c o n s i d e r  t h e  view o f  man which t h e y  impute t o  SPRU - and which t h e y  
t a k e  e x c e p t i o n  t o  - w e  can  a g a i n  see t h e  moral  view of n a t u r e  which t h e y  
expound. 
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"One p o s s i b l e  concep t  ?f man, t h e  one t h a t  is h e l d  by t h e  Sussex  group,  
i s  t h a t  Homo s a p i e n s  i s  a v e r y  s ? e c i a l  c r e a t u r e  whose unique b r a i n  g i v e s  
him t h e  r i g h t  t q  e x p l o i t  f o r  h i s  own s h o r t - t e r m  purposes  a l i  o t h e r  
c r e a t u r e s  and a l l  t h e  rL'sr:nces t h e  world ktas to offer."(173) 
T h i s  view o f  man is secn t o  be " f i r m i y  r o o t e d  i n  t h e  Yncieo-Christian 
t r a d i t i o n " .  I n  c o n t r a s t ,  fliey r e g a r d  t h e  i d e a  of man as  ' r u l e r  of  
c r e a t i o n '  t o  be a shor-zsiyhted f a l l a c y  and pit forward an o p p o s i t e  
concep t ion  i n  which man is rega rded  - i n  a l l u s i o n  t? E a s t e r n  r e l ig ion . ;  - 
a s  b u t  one s p e c i e s  i l o n g  w i t h  a l l  o t h e r s ;  he is  enbedded i n  t h e  
" in t r i ca t e  web of n a l i i r a i  ;>i-ocesses t h a t  s u s t a i n s  and c o n s t r a i n s  a l l  
forms of l i f e « l 7 ' .  Ir, l i n e  w i t h  t h i s  view, man and b i s  s o c i a l  systems are  
r ega rded  as b e i n s  l a r g e l y  unchanging i n  n a t u r e  - t h i s  b e i n g  a n o t h e r  
m a n i f e s t a t i o n  of t h e  p r o c e s s - r e d u c t i c 2  which we d i s c u s s e d  i n  Chap te r  
Three. 
" I n  fact ,  s o c i a l  sy3terr.s are dominated by n a t u r a i  arid p s y c h o l o g i c a l  
f a c t o r s  t h a t  change v e r y  l i t , t l r . " ( i 'T5 )  
T h e i r  view of  te&:iolog; matches t h e i r  p e s s i m i s t i c  v iew of man: 
"p rogres s"  is seen  t o  have been o b t i i n e d  o n l y  a t  a t  t h e  c o s t  of "natura:  
beauty,  human d i g n i t y ,  and s o c i a l  i n t e g r i t ~ " ' ~ ' .  
"Tech:?icai advances  have n o t  ban i shed  hunge? or war. I n s t e a d ,  t e c h n i c a l  
advances  have only suppor ted  larger p o p u l a t i o n s  t o  ;e s u b j e c t e d  t o  
hunger and war." ( 177 ) 
üf c o u r s e  n o t  3.11. men a r e  c o n s i d e r e d  t o  be s h s r t i i g h t e d :  t h e  syntem 
dyndmiciStS - amongst o t h e r s  - claim t o  t a k e  a long-term p e r s p e c t b e  
which t h e y  r e g a r d  as a n o r a 1  r e s p o n s i b i l i t y .  
"World mode l l ing  is s o  imp3r t an t  t h a t  i t  should move i n  t h e  most 
e f f e c t i v e  d i r e c t i o n s .  The t i ne  h a s  come t o  d i s c u s s  t h e  r o l e  of world 
mode l l ing  and t h e  most p romis ing  approaches  f o r  f u l f i l l i n K  our 
o b l i g a t i o n  t o  c i v i l i z a t i o n . ' '  emphasis added (178) 
As t h e y  see it, p a r t  of t h e i r  d u t y  i s  t o  h e l p  e d u c a t e  governments and t h e  
g e n e r a l  p u b l i c  i n  o r d e r  t o  p r e p a r e  them f o r  t h e  t r a n s i t i o n  t o  world 
e q u i l i b r i u m  a n d  t.he consequent  f o r f e i t  of freedoms t h a t  w i l l  be 
n e c e s s a r y  t o  p r e s e r v e  it - we saw earlier t h a t  F o r r e s t e r  e x h o r t e d  
"restraint ,  s e l f - d i s c i p l i n e ,  and i n t e n t i o n a l l y  i n c r e a s e d  p r e s s u r e s " .  The 
system d y n a m i c i s t s  a r g u e  t h a t  long-term v a l u e s  are needed - t h i s  
i m p l i c i t l y  emphasizes  man's roles and d u t i e s  t o  s o c i e t y  r a t h e r  t h a n  h i s  
material w e l l - b e i n g  - p e o p l e  are e x h o r t e d  t o  g i v e  up c u r r e n t  a s p i r a t i o n s  
f o r  t h e  s a k e  of g e n e r a t i o n s  i n  t h e  d i s t a n t  f u t u r e .  
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? h e  r e f l e c t i o n  on t h e  n a t u r e  of  s o c i e t y  i s  complemented by t h e  
r e a l i s a t i o n  t h a t  t h e  i n d i v i d u a l  niay r e j e c t  s o c r e t y ' s  demands. F o r r e s t e r  
r e c u g n i s e s  t h i s  and condems i t  f o r  be b e l i e v e s  t h a t  t h e  f a i l u r e  t o  meet 
t h e  sys t em ' s  r e c u i r e m e n t s  - such as a conmitment t o  long-term g o a l s  - 
may c a u s e  t h e  whole sys t em t o  f a l t e r .  
?he system d y n a m i c i s t s  a l l o w  t h a t  men have a degree  of autonomy; t h e y  
have c r e a t e d  t h e  socic-economic s y s t e m  and are no t  the v i c t i m s  of f o r c e s  
from wi thou t .  R a t h e r ,  t o  some e x t e n t  t h e y  a r e  t!ie v i c t i m s  of' t h e i r  own 
p o l i c i e s .  It is s u g g e s t e d  that  the  g c a l s  of  subsystems, and t h e r e f o r e  
i n d i v i d u a l s ,  s h o u l d  be s u b o r d i n a t e d  t o  t h e  goa ls  of t h e  s y s t e m  a s  a 
whole. T h i s  a l l e g e d  harmony between system an2 subsystem is a 
g e n e r a l i s a t i o n  of  t h e  harmony between t h e  self  and s o s i e t y  - each 
i n d i v i d u a l  t h e r e f o - e  h a s  a r o l e  t o  p l ay ,  a f i i nc t ion  to  f u l f i l l .  
We have a l r e a d y  d i s c u s s e d  F o r r e s t e r ' s  b e l i e f s  c o n c e r n i n g  
human i t a r i an i sm i n  t h e  p r e v i o u s  c h a p t e r  b u t  we can add t o  t h i s  by 
c o n s i d e r i n g  Chose c o n c e r n i n g  e q u a l i t y ,  moral r e s p o n s i b i l i t i e s  and one's 
l i n k s  t o  t h e  p a s t .  
"If a l l  men are n o t  t o  be e q u a l  a t  e v e r y  p o i n t  i n  time, t h e n  some 
boundary must be e s t a b l i s h e d  around t h e  concep t  t h a t  one is t o  be h i s  
b r o t h e r ' s  keeper...If one h a s  a r e s p o n s i b i l i t y  f o r  t h e  f u t u r e ,  an  
i n e s c a p a b l e  symmetry commits him t o  a l e g a c y  from t h e  p a s t .  There is no 
b a s i s  f o r  world e q u i l i h r i u m  u n l e s s  t h e  s i n s  of t h e  f a t h e r s  are t o  be 
v i s i t e d  on t h e  sons.  One can  have no r i g h t  t o  e q u a l i t y  i n  t h e  p r e s e n t ,  
h u t  o n l y  t o  an a c c u m u l i t e d  e q u a l i t y  t h a t  re f lec ts  t h e  a c t i o n s  of h i s  
h e r i t a ß e  and t h e  long-term g o a l s  of  h i s  a n c e s t o r s . " ( l 7 9 )  
Moreover, t3e "stresses" he o b s e r v e s  i n  t h e  p r e s e n t  - "such s o c i a l  
d i s o r i e n t a t i o n s  as d rug  a d d i c t i o n ,  r i s i n g  crime rate, a i r c r a f t  
h i j a c k i n g s ,  genocide,  and t h e  i n c r e a s i n g  t h r e a t  of a t h i r d  world war" - 
are b u t  t h e  " p r i c e  for a d v a n t a g e s  t h a t  mankind reaped i n  t h e  p a s t "  and 
which a l lowed  p o p u l a t i o n  
e 
These i d e a s  s u s t a i n  F o r r e s t e r ' s  b e l i e f  t h a t  t h e  t r a n s i t i o n  t o  
e q u i l i b r i u m  may b e  most d i f f i c u l t  for t h e  developed n a t i o n s  - t h e y  are  
seen t o  be a d o p t i n g  t e c h n o l o g i c a l  means t o  p u t  o f f  t h e  e q u i l i b r i u m  
s t a t e ,  bu t  t h i s  o n l y  r e n d e r s  them more v u l n e r a b l e  and may c a u s e  t h e  
i n e v i t a b l e  t r a n s i t i o n  t o  be t h a t  much more p a i n f u l .  
Meadows' views are somewhat more moderate  t h a n  F o r r e s t e r ' s ,  h e  b e l i e v e s  
t h a t  o n l y .  a non-growth s o c i e t y  can e f f e c t i v e l y  a d d r e s s  t h e  problem of 
m a l d i s t r i b u t i o n  o f  r e s o u r c e s .  However, t h e  p o s s i b i l i t y  o f  egalitarianism 
.in an e q u i l i b r i u m  s o c i e t y  is on ly  a secondary  matter, a ' spin-off ' ,  and 
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n o t  t h e  prime m c t i ï a t i o n  f o r  c e 3 r i n g  growth. 
TIUE .5.4 __ 
A c o m o n  fea:<,If'e of' s y s t e m  dynan ics  puts1 ic2t ions ir; the r e f e r e n c e  t o  t h e  
s y s t e m  e n g i n e e r i n g  f i e l d  a t  MI? o;t o f  ji!>iih ï c r r e c t e r ' s  t h e o r y  of  
s : rs tens  deve lope i .  ~ b c  f o l l o w i n g  e x t r a c t  is a t y p i c ü i  p c i n t c r l 8 1 :  
"The f i e l 2  of System 3ytìamici. ha; been dCïclGpfd a t  t!ie M a s s a c h u s e t t s  
Z n s t i t u t e  of Tech;;aiogy through ncre tkari t h i r t y  y e a r s  of cont inuoi ls  
e f f o r t  d i r e c t e d  towar?. t h e  a n a l y s i s  and c c z t r o l  of complex system 
behavior .  From i t s  b i r t h  i n  the  s t u d y  of r c i a t i v e l y  s i m p l e  mechanical  
sys t ems  i? has grown t o  p-ovide u. s i n g l e  framework f o r  u n d e r s t a n d i n g  t h e  
behav io r  of electroni!! ,  che r i i ca l ,  biolo&ical and soc iü l .  sys t ems  whose 
elfercents in teract  th rough  time t o  produce s y s t e m  changes."Meadows( 182) 
Thus, t h e  system dyna rn ic i s t s  c i t e  t h e i r  nt?mtersi,ip w i t h i n  a l o n g s t a n d i n g  
e s t a b l i s h e d  t r a - i i t i o n .  T h e  achievements  of  t h e  p a s t  - l a r g e l y  i n  t h e  
domains of m i l i t a r y  and t e c l i n o l ~ i g i x l  sys t ems  - t h e r e f o r e  l e n d  
l e g i t i m a c y  t o  t h e i r  c i a i m  t o  Lave t h e  knowledge t o  t a s k l e  t h e  problems 
of t h -  fut .ure.  They p e r c e i v e  the pas t  as marked by d i s t i n c t  f r o n t i e r s  i n  
knowledge; t h e  f r o n t i e r s  of s c i e n c e  and techni?logy are s e e n  t o  have been 
and gone w h i l s t  t h a t  of u n d c r s t a n d i n g  t h e  behav iour  of s o c i a l  sys t ems  i s  
o n l y  j u s t  dawning18?. The awareness  of  t h e i r  r o o t s  i n  t h e  p a s t  i s  
matched by t h e i r  long-term p e r s p e c t i v e  and t i e  symmetr ical  r e l a t i o n s h i p  
which T o r r e s t e r  p o s i t s  between p a s t  and f u t u r e .  These c o n c e p t i o n s  o f  
time are a l s o  suppor t ed  by t n c l r  cor: tent ion t h a t  t h e  i n h e r e n t  d e l a y s  2f 
s o c i a l  and n a t . i r a l  p r c c e s s e s  - up t o  50 o r  iC0 y e a r s  - l e a d  t o  t h e  
consequence t h a t  p r e s e n t  p o l i c i e s  d e t e r m i n e  t h e  d i s t a n t  f u t u r e  o r  a t  
least c o n s t r a i n  it. Conversely,  t h e  p r e s e n t  is t h e  outcome of p r e v i o u s ,  
de l ayed ,  p o l i c i e s .  
The argument c o n c e r n i n g  d e l a y s  a l s o  carr ies  a c o e r c i v e  edge f o r  i t  
u n d e r s c o r e s  t h e i r  i n j u n c t i o n  t o  a c t  now - o t h e r w i s e ,  t h e y  a rgue ,  it may 
be t o o  l a t e  t o  a c h i e v e  an o r d e r l y  t r a n s i t i o n  t o  e q u i l i b r i u m  and n a t u r e  
w i l l  impose one w i t h o u t  men's w i s h e s  i n  Rind. These d e l a y s  - such as 
t h o s e  i n h e r e n t  i n  p o p u l a t i o n  a g e  s t r u c t u r e s  or t h e  d i s s i p a t i o n  of a 
p o l l u t a n t  - are s e e n  t o  be " n a t u r a l "  and beyond t e c h n o l o g i c a l  c o n t r o l .  
Thus, time a p p e a r s  t o  be seen r a t h e r  a s  a s u p e r p o s i t i o n  of 'na tura l  
c y c l e s '  - f u t u r e  time is t h e  u n f o l d i n g  of a myriad of d e l a y e d  p r o c e s s e s .  
We no ted  ear l ie r  t h a t  t h e  time x a l e s  o f t e n  employed i n  system dynamics 
models t end  t o  be v e r y  l o n g  - i.e. of t h e  o r d e r  o f  200-250 yea r s .  We 
shou ld  f u r t h e r  n o t e  t h a t  t h e  urban dynamics model d i d  n o t  co r re spond  t o  
any g iven  p e r i o d  i n  h i s t o r y  and d e s p i t e  t h e  f a c t  t h a t  t h e  World 2 model 
was p u r p o r t e d  t o  r e p l i c a t e  t h e  p e r i o d  from 1900-1970, Meadows has  argued 
t h a t  t h e  r o l e  of  time i n  a system d y n a n i c s  model is on ly  t h a t  of "an 
i n d i c a t o r  o f  l a p s e d  c - r o n c l o g i c a l  i n t e r v a l " .  I n  o t h e r  words, model time 
doe r  n o t  eo r re spond  t o  time i n  t h e  abs t rac t  cr p h y s i c a l  s e n s e ,  and  i t  is 
n o t  a c a u s a l  f a c t o r  i n  a model. T h i s  r e i n f o r c e s  t h e  n c t i c n  t h a t  p r e c i s e  
p r e d i c t i o n s  of s y s t e m  s t a t e s  a t  s p e c i f i c  p o i n t s  i n  t i n e  a r e  eschewed - 
rather, as we s t a t e d  ear l ie r ,  i t  i s  t h e  seqluence of behaviour  InCdeS which 
i s  t h e  f'ccus of  p r e d i c t i v e  e f f o r t .  Indeed,  it is  argued t h a t  because o f  
t h e  n o i s e  i n h e r e n t  i.n s y s t e m  p r o c e s s e s ,  twc c t n e r w i s e  i d e n t i c a l  sys t ems  
!cay n n n i f c s t  q u i t e  d i f f e r e n t  system s t a t e s  a t  any gis-en time - t h e i r  
s t r u c t u r a l  behav iour  w i l l ,  however, be t h e  same. I n  t h i s  r c s p e c t ,  t h e r e  
is t h e  i m p l i c a t i o n  t h a t  a c e r t a i n  t empora l  o r d e r  i n h e r e s  i n  t h e  sequence  
o f  a sys t em ' s  behav iour  modes and i t  seems r e a s o n a b l e  t o  s u g g e s t  t h a t  
t h i s  is a t  %he  r o o t  of t h e  S D G ' s  arguments  abou t  t h e  need fcr  p r a c t i c a l  
e x p e r i e n c e  w i t h  f eedback  sys t ems  - such exposure  y i e l d s  i n s i g h t s  i n t o  
t h e  dynamic o r o p e r t i e s  ( b e h a v i o u r  i n  time: of  complex systems. 
Although p h y s i c a l  time does  n o t  p l a y  a causal r o l e  i n  s y s t e m  d y n a n i c s  
models t h e  r o l e  a l l o c a t e d  t o  " n a t u r a l  d e l a y s "  i n  t h e  real  world i m p l i e s  
t h a t  time indeed  h a s  a c a u s a l  r o l e  i n  t h e  d e t e r m i n a t i o n  of  system 
behaviour.  
"Everywhere i n  t h e  web of i n t e r l o c k i n g  f eedback  l o o p s  t h a t  c o n s t i t u t e s  
t h e  ws r ld  system we have found i t  n e c e s s a r y  t o  r e p r e s e n t  t h e  r ea l -wor ld  
s i t i i a t i o n  by i n t r o d u c i n g  time d e l a y s  between c a u s e s  and t h e i ?  u l t ima te  
effects."( 184)  
It is t h e s e  time d e l a y s  between cause and effect  t h a t  produces t h e  
"overshoot  and c o l l a p s e "  of t h e  wor ld  model r a t h e r  t h a n  a more 
c o n t r o l l e d  a s y m p t o t i c  approach t o  t h e  system's limits. We can t h e r e f o r e  
see t h a t  time h a s  a ' n a t u r a l '  d imension i n  system dynamics and as such  
imposes f u r t h e r  l i m i t s  on growth and human a c t i o n s .  
as 
SPRU t a k e  n e i t h e r  a " L e i b n i t z i a n "  approach  t o  knowledge no r  i ts  
o p p o s i t e ,  "Lockean" empi r i c i sm 185, i n  which da t a  is t r e a t e d  as p r i o r  to, 
and t h e  j u s t i f i c a t i o n  of theo ry .  
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" I n  p r a c t i c e ,  it is n o t  p o z s l b l e  t o  r e a l i z e  'pire '  !arm o f  e i t h e r  o f  
t h e s e  c a t e g o r i e s :  a t h e o r y  m u s t  depend u l t i m a t s L ;  UTI p e r - e p t i o n s  o f  t h e  
r e a l  world; d a t a  is i n e v i t a b l y  c o n d i t i o n e d  t o  :-me e x t e n t  t y  t h e  way one 
chooses  t o  look a t  t h e  w o r l d . " (  166)  
Tkey a r g u e  t h a t  t h e  s e l e c t i o n  o f  d a t a  is s:;b.jec,t.ive ?.:id is  i n  f a c t  
theory-laden.  L i k e  S X ,  t h e y  t x  ac,cept t h a t  L i l e  i n t e r p r e t a t i o n  o f  time- 
s e r i e s  d a t a  is p r o b l e m t i c a l  b u t  f u r t h e r  n o t e  :.::at t h i s  a i s c  a p p l i e s  t o  
" r e c e n t  poor ly  q u a n t i f i e d  t r e n d s "  which SDG e x t r a p o l a t e  i.nto long-term 
behav iour  modes. Although t.he a l t e r n a t i v e  riata they p o t  forward i n  
c r i t i c i s i n g  t h e  models was " o p t i n i s t i c "  - i n  c o n t r a d i s t i n c t i o n  t o  t n e  
" s e l e c t i v e  pessimism" of MIT - i t  was a l l e g e d l y  based on e q u a l l l  
p l a u s i b l e  assumptions.  I n  o t h e r  words, t h e  d a t a  advanced by  SPRU d i d  no t  
r e f u t e  t h e  MIT models b u i  r a t h e r  was used t,û e s t a b l i s h  ai7 a l t e r n a t i v e  
v i ewpo in t  ~ h c s e  v a l i d i t y  was on an e q u a l  f o o t i n g .  On t h i s  b a s i s  t h e n ,  
t h e y  r e j e - t e d  t h e  e x h c r t a t i o n  t o  s t o p  growti;. For e x a r p l e ,  c o n s i d e r  
t h e i r  c r i t i c i s n i  o f  t h e  a g r i c u l . l u r c  s i i b sys t en  of !&?ld 3: 
"The a s s u m p t i o n s  a b o u t  t h e  p h y s i r a l  ì i m i t s  of t h e  c r i t i c ü l  variables i n  
t h e  a g r i c u l t u r a l  sub-system o f  World 3 a r e  p e s i i n i s t i c .  L?y making more 
o p t i m i s t i c  hut,  on t h e  b a s i s  of a v a ; . l a b l e  i n f o r m t i o n ,  e q m l l y  p l a u s i b l e  
a s s u m p t i o n s  a b o u t  them, any p h y s i c a l  l imits t o  a g r i r u l t u i a l  p r o d u c t i o n  
r e c e d e  beyond t h e  time hor i zon  o f  t h e  model."(iY7! 
I n s t e a d  of e m p i r i c i s m  o r  r a t i o n a l i s m  t h e y  avowedly choose a compromise 
"Kantian" approach. + 
"at least  two t h e o r e t i c a l  r e p r e s e n t a t i o n s  are used, and d a t a  is 
c o l l e c t e d ,  froir. w h i c h  i t  is hoped t h a t  t h e  'be.;:' r e p r e s e n t a t i o n  of %e 
problem can be s e l e c t e d . " ( l 8 8 :  
T h i s  s t a n c e  re f lec ts  bo th  t h e i r  d i v e r s i t y  i n  method - t h e i r  
'eclecticism' and compara t ive  o r i e n t a t i o n  - and t h e i r  conce rn  t o  ground 
models i n  q u a n t i t a t i v e  da t a .  T h i s  o f  coL;rse d o e s  n o t  guarantee 
o b j e c t i v i t y  which t h e y  b e l i e v e  l i e s  " i n  t h e  e y o s  o f  t h e  beholder".  T h e i r  
approach  is e v i d e n t  i n  t h e  formal and e m p i r i c a l  t e s t s  t h e y  b rough t  t o  
b e a r  on t h e  world models. 
Members of SPRU a r g u e  t h a t  t h e  b a s i s  o f  knowledge l i e s  i n  c a u s a l  
e x p l a n a t i o n .  T h e i r  advocacy o f  t h e  s y s t e m  approach  is  l i m i t e d  t o  a 
broad view of problems and they  do n o t  adopt, t h e  t y p e  of c y b e r n e t i c  
approach  t a k e n  by SDG - t h e i r  use o f  t h e  s y s t e m  approach,  then,  h a s  n o t  
d i s p l a c e d  t h e  a n a l y t i c a l  emphasis on c a u s a l  e x p l a n a t i o n .  
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" A  p r e c u r s o r  t3 r a t i o n a l  f o r e c a s t i n g  and p l a n n i n g  must t e  a n  
' exp lana t ion '  of hcd t h e  rea l  world behaves.  T h i s  e n t a i l s  t h e  bUi ld ing  tip 
o f  d e s c r i p t i o n s  a t o u t  c a u s a l  p rocesses .  'Explanat ion '  t o  u s  neans  t h p  
i n f e r e i l c e  of  ca,:sal l i n k s  between phenonema ..." ( 189) 
In a s d i t i o n  t o  c a r s a l  e x p l a n a t i o n  t h e y  u r g e  t h e  s e p a r a t i o n  and  r i g o r o u s  
s t u d y  of issues b e r o r e  ?,hey a r e  i n t e g r a t e d  w i t h i n  a systems model. 
"Even fo r  world p r 3 h l e m  areas, however, the s e p a r a t i o n  of  issues is o f t e n  
b e n e f i c i a l .  It is  u s e f u l  t o  i d e n t i f y  p a r t i c u l a r  p o l l u t a n t s ,  p a r t i c u l a r  
t e c h n o l o g i e s  and p a r t i c u l a r  s o c i a l  i n s t i t u t i o n s .  Both s e p a r a t i o n  of 
i s s u e s  and t h e  r e s u l t i n g  s p e c i a l i z a t i o n  w i t h i n  d i s c i p l i n e s  are 
e s s e n t i a l  p a r t s  of t h e  c r e a t i o n  of knowledge n e c e s s a r y  f a r  t h e i r  
study..."( ¡SO) 
T h i s  p r o v i d e s  a fui-thc? q u a l i f i c a t i o n  o f  t h e i r  s y s t e m i c  approach: i t  
r e q u i r e s  t h e  i .n-depth s t u d y  of  t h e  i n p o r t a n t  f a c t o r s  i n  a problem a r e a  
t o g e t h e r  w i t h  a broad c o n s i d e r a t i c n  o f  t h e  s e t  o f  f a c t o r s  which are 
t aken  to be r e l e v a n t .  
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SPRC a c c e p t  t h a t  i n  p u r e l y  l o g i c a l  terms t h e  world 's  r e s o u r c e s  a r e  
f i n i t e ,  b u t  t h e y  are a t  p a i n s  t o  add t h a t  t h i s  d o e s  n o t  imply t h a t  t h e y  
are necessarily e x h a u s t i b l e .  F l i r the r ,  t h e y  r e g a r d  t h e  a t t e m p t  t o  
q u a n t i f y  r e s o u r c e s  i n  term o f  some f i x e d  s t o c k  to be e n t i r e l y  
p r o b l e m a t i c l 9 l .  I n  p l a c e  of  n a t u r a l  l i m i t s  t o  growth they  p e r c e i v e  
economic and t e c h n o l o g i c a l  c o n s t r a i n t s  upon man's a b i l i t y  t o  e x p l o i t  
r e s o u r c e s .  W h i l s t  p o i n t i n g  o u t  t h a t  t h e r e  have been many ( i n c o r r e c t )  
p e s s i m i s t i c  f o r e c a s t s  of r e s o u r c e  e x h a u s t i o n  i n  t h e  p a s t ,  t h e y  n o t e  t h e  
c o n t i n u e d  improvements i n  r e s o u r c e  technology.  Both i n  terms o f  
e x p l o r a t i o n  and r ecove ry ,  t e c h n i c a l  improvements are seen t o  have made a 
mockery of such f o r e c a s t s ;  t h e y  c i t e  ins tances  where advances  have 
enab led  t h e  e x p l o i t a t i o n  of p r o g r e s s i v e l y  p o o r e r  o r e  g r a d e s  - t o  t h e  
ex ten t  t h a t  p r e v i o u s  'waste' o r  s c r a p  can become a f u t u r e  o r e  r e s o u r c e .  
I n  a d d i t i o n  t h e y  m a i n t a i n  t h a t  much of t h e  g l o b e  remains unexplored and 
argue t h a t  e x p l o r a t i o n  - and t h e r e f o r e  reserve estimates - have i n  t h e  
p a s t  been t i e d  t o  e f f e c t i v e  demand. S t r a t e g i c  and and economic interests 
are a l s o  c o n s i d e r e d  t o  be i m p o r t a n t  i n  t h i s  r e s p e c t ;  for  example, t h e y  
refer t o  t h e  growth i n  uranium e x p l o r a t i o n  as a r e s p o n s e  t o  t h e  t ens ions  
induced by t h e  ' co ld  warT1g2. 
T h e i r  p o s i t i o n  on t h e  q u e s t i o n  of energy r e s e r v e s  is similar and i n  
reference t o  t h e  o i l  'crisis' o f  i 9 7 3  t h e y  p o i n t  @?it h a t  o i l  p r i c e s  were 
t o  some e x t e n t  a r e f l e c t i o n  o f  OPEC b a r g a i n i n g  poi j r r  r a t h e r  t h a n  of  
i n c r e a s e d  pro.3uct icn or  t r a n s p o r t a t i o n  c o s t s .  They  do n o t  sije growth as 
be ing  c o n s t r a i n e d  by  ene rgy  s h o r t a g e s .  
"Con t ra ry  t o  t h e  popu la r  view, ti-e r e a l  probleni is no t  t h e  p r - s p e c t  of 
p h y s i c a l  s h o r t a g e  b u t  t h e  economic arid s o c i a l  ad j i i s tmen t s  needed 
if ... r a p i d  growth cont i i iues .  The s o l u t i o n  Lies i n  t h c  p u r s u i t  o f  p o l i c i e s  
t o  f o s t e r  t h e  dcveiopments needed t o  e n s u r e  t h a t  e d e q u a t e  energy 
s u p p l i e s  v i l 1  b e  a v a i l a b l e  b e f o r e  reserves of c o n v e n t i o n a l  f u e l s  bezone 
e x c e s s i v e l y  d e p l e t e d  and t o  d i s c o u r a g e  tb.e p r o f l i g a t e  u s e s  of  
energy."( 143)  
b h x h  t h e  s m c  can Se s a i d  of  t h e i r  view of focd p r c d u c t i o n  - " t h e  major 
problems o f  f e e d i n g  t h e  l e s s  developed w x l d  are seen t o  l i e  i n  
p o l i t i c a l  ra ther  t h a n  p h y s i c a l  l i m i t s " l g 4 .  
If n a t u r e  is no t  s e e n  as nos ing  a b a r r i e r  t o  con t inued  growth, what of  
i t s  c a p a c i t y  ts w i t h s t a n d  p o l l u t i o n ?  T h e i r  i d e a s  on t h i s  matter have 
p a r t l y  been to.Jche3 on i n  r c l a t i o n  t o  t he  q u e s t i o n  of a g g r e g a t i o n  and i t  
is w o r t h u h i l e  r e t u r n i n g  t o  the=. Speaking abou t  t h e  g1oSal a g g r e g a t i o n  
of 2 o l l z t i o n  i n  t h e  world models t h e y  s t a t e :  
"By a g g r e g a t i n g  a l l  p o l l u t a n t s ,  and assuming t h a t  t hey  behave in some 
c o m p c s i t e  way, a t t e n t i o n  is drawn away from what a r e  u r g e n t ,  and s t i l l  
s c l u b l i !  problems, and d i v e r t e d  i n t o  s p e c u l a t i o n  upon an iroaginary r a c e  
a g a i n s t  time between 'Life '  and 'Global a sphyx ia t ion . " (  195) 
I n  o t h e r  words, t h e y  do n o t  s u p p o r t  t h e  i d e a  of n a t u r e  as some g l o b a l  
e n t i t y  which is under  t h r e a t  from a n o t h e r  g l o b a l  e n t i t y  i n  t h e  form ,Of 
p o l l - i t i o n  a.? r e p r e s e n t e d  i n  t h e  world models. T h i s  is n o t  t o  s u g g e s t  
t h a t  t h e y  are d i s i n t e r e s t e d  I n  p o l l u t i o n  but,  r a t h e r ,  t h e y  are s c e p t i c a l  
abou t  t h e  terms w i t h  which it is d i s c u s s e d .  Indeed, as t h e  q u o t a t i o n  
shows, t h e y  are concerned a b o u t  p a r t i c u l a r  s o l u b l e  p o l l u t i o n  problems. 
F u r t h e r ,  t h e y  state: 
"We do agree w i t h  them, however, on t h e  need t o  deve lop  new t e c h n o l o g i e s  
which do n o t  damage t h e  environment and which c o n t r i b u t e  t o  t h e  
c o n s e r v a t i o n  of f i n i t e  resources."! 196 1 
However, i t  is n o t  t h e  c o s t s  t o  n a t u r e  b u t  t h e  c o s t s  t o  man which a p p e a r s  
t o  conce rn  them abci i t  p o l l u t i o n ;  moreover, t h e y  imply t h a t  o t h e r  c o s t s  of 
economic growth such  as work i n j u r i e s  may be e q u a l l y  impor t an t .  
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The Sussex team a r g u e  t h a t  s o c i a l  sys t ems  are q u a l i t a t i v e l y  d i f f e r e n t  t o  
p h y s i c a l  s y s t e m s  because  t h e y  c o n t a i n  t h e  "consc ious  a c t i o n s  of human 
beings'' and because t h e  u n d e r l y i n g  'laws' which may appea r  t o  govern 
s o c i a l  p r o c e s s e s  may i n  f a c t  change con t inuous ly197 .  T h i s  h e l p s  t o  
s u s t a i n  an o p t i m i s t i c  'iew of  man and t h e  2 o s s i b i l i t i e s  o f  modifying 
s o c i a l ,  economic and p o l i t i c a l  arrangements .  I n  t h e  f a c e  of  p o s s i b l e  
p h y s i c a l  c o n s t r a i n t s  t o  growth - and i n  o p p o s i t i o n  t o  t h e  r i g i d i t y  and 
de te rmin i sm which t h e y  impute t o  t h e  MIT models - t h e y  s t r e s s  again, and 
aga in ,  t h e  impor t ance  o f  a d a p t i v e  s o c i a l  and economic feedback 
mechanisms. 
"If t h e  world were c o n f r o n t e d  w i t h  c r i t i c a l  s h o r t a g e s  of p a r t i c u l a r  
i n d u s t r i a l  and c o n s t r u c t i c n  m a t e r i a l s ,  t h e n  a l l  k i n d s  of s u b s t i t u t i o n  
mechanisms would come i n t o  play."(198)  
T h i s  p e r s p e c t i v e  stems from a view o f  man as an a c t o r  wh9 r e sponds  t o  
h i s  environment r a t h e r  t han  merely conforming t o  it; he is a l s o  s e e n  t o  
ac t  on t h e  b a s i s  o f  hope a s  w e l l  as d e s p a i r .  
"Man is n o t  pushed by a u n i f i e d  sys t em mechan ica l ly  i n t o  i n t o l e r a b l e  
c o n d i t i o n s  bu t  assesses t h e  c i r c u m s t a n c e s  around him and r e sponds  
a c t i v e l y  by a d a p t i n g  h i s  g o a l s  and values...Man's f a t e  is shaped n o t  o n l y  
by what happens t o  him b u t  a l s o  by what he does,  and he acts  n o t  j u s t  
when f aced  w i t h  c a t a s t r o p h e  b u t  d a i l y  and cont inuously."(  199) 
I n  h i s  a r t i c l e  The Luxury of Despa i r  i n  which h e  c r i t i c i s e s  t h e  views o f  
Hei lbronerZo0- a Mal thus i an  a l o n g  w i t h  F o r r e s t e r  and Meadows - Freemsn 
a r g u e s  f o r  what he b e l i e v e s  t c  be  t h e  r e s p o n s i b i l i t i e s  o f  i n t e l l e c t u a l s .  
Not s u r p r i s i n g l y ,  t h e y  v i v i d l y  c o n t r a s t  w i t h  t h o s e  we saw i m p l i e d  by 
F o r r e s t e r .  
"Whereas h e  b e i l b r o n e d  s p e a k s  of  t h e  r e s p o n s i b i l i t y  of i n t e l l e c t u a l s  
t o  p r e p a r e  t h e  p o p u l a t i o n  f o r  t h e  r e d u c t i o n  o f  freedoms, I would 
m a i n t a i n  t h a t  t h e  r e s p o n s i b i l i t y  of i n t e l l ec tua l s  now more t han  e v e r  i s  
t o  uphold t h o s e  freedoms, which we know from v e r y  hard-won e x p e r i e n c e  
are v i t a l  t o  p r e v e n t  t h e  a r b i t r a r y  a b u s e  of power."(201) 
Although SPRU are o p t i m i s t i c  a b o u t  t h e  p o t e n t i a l  f o r  f u t u r e  
t e c h n o l o g i c a l  developments  t h e y  do n o t  r e g a r d  them as i n e v i t a b l e .  SDC 
b e l i e v e  t h a t  if p r e s e n t  t r e n d s  c o n t i n u e  t h e n  c a t a s t r o p h e  is i n e v i t a b l e  
b u t  SPRU p o i n t  o u t  t h a t ,  on t h e  c o n t r a r y ,  i f  p r e s e n t  t r e n d s  do c o n t i n u e  - 
w i t h  c o n t i n u o u s  t e c h n o l o g i c a l  improvement - t h e n  t h e  o p p o s i t e  is l i k e l y  
t o  be  t h e  case. For them t h e  form and u s e  of technology i s  a q u e s t i o n  o f  
s o c i a l ,  p o l i t i c a l  and economic c h o i c e s  and t h e y  t h e r e f o r e  do n o t  view 
156 
technology a s  b e i n g  e i t h e r  a p r i o r i  'bad' or merely a n  a r t i f i c i a l  means 
of  t e m p o r a r i l y  s t a v i a g  o f f  n a t u r a l  checks.  
"To pose the problem of new t echno logy  s i m p l y  i n  terms of i n d i v i d u a l  
c h o i c e  of  g m d  and e v i l  i s  a b i g  o v e r s i m p l i f i c a t i o n .  As so  o f t e n  i n  human 
a f f a i r s  i t  seems t h a t  f r e q u e n t i y  there are  two ' r i g h t s '  r a t h e r  t han  a 
' r i g h t '  and a ' ï rong ' .  I f  t h i s  is so,  t h e n  a g r e a t  dea? depends on t h e  uay 
i n  which sccial c h o i c e s  are made - on t h e  i n s t i t u t i o n a l  mechanisms and 
f i l t e r s  Dy which v a l u e s  are r e c o n c i l e d  and in t e rp re t . ed .  The  problem is 
one of s o c i a l  d e b a t e  and experiment ,  as well a s  one of i n d i v i d u a l  
e t h i c a l  choice." ( 2 0 2 )  
Indeeb, t h e y  n Q t e  t h a t  t h e  i n t e r n a l  l o g i c  of t h o  world models i m p l i e s  
t h a t  ttie c r e a t i o n  of a n t i - p o l l u t i o n  t e c h n o l o g i e s  wocld a c t u a l l y  c a u s e  
p s l l u t i c n  t o  increase i n  a b s o l u t e  term - e i t h e r  by s t i m u l a t i n g  more 
growth o r  by t h e  p o l l u t i v e  l o a d  which is  a s s c c i a t e d  w i t h  each u n i t  o f  
c a p i t a l !  Rather than  s e e k i n g  p o l i c i e s  t o  a v e r t  same f i i t u r e  c a t a s t r o p h e ,  
members of SPRU draw a t t e n t i o n  t o  t h e  predicament  - here and now - of 
t h e  bulk o f  t h e  e a r t h ' s  p o p u l a t i o n ;  i n  p l a c e  of e q u i l i b r i u m  w i t h  n a t u r e  
t h e y  s e e k  balanced growth. 
"Since we b e l i e v e  t h a t  b r u t e  p o v e r t y  is st i l l  a major problem f o r  most 
peop le  i n  t h e  world,  and since i n  general we do n o t  b e l i e v e  t h a t  t h e  
p h y s i c a l  c o n s t r a i n t s  are q u i t e  s o  p r e s s i n g  as ttx? MIT team s u g g e s t ,  we 
do n o t  a c c e p t  t h e i r  e n t h u s i a s t i c  endorsement o f  z e r o  growth as t h e  i d e a l  
f o r  t h e  wcrld...Some t y p e s  of growth are q u i t e  cms i s t en t  n o t  merely w i t h  
c o n s e r v a t i o n  of t h e  environment ,  bait w i t h  i ts  enhancement. T h e  problem, 
i n  our view, is a s o c i o - p o l i t i c a l  one of  s t i m u l a t i n g  t h i s  t y p e  of growth 
and of  more e q u i t a b l e  d i s t r i b , J t i o n ,  bo th  between countries and w i t h i n  
them."!Z03) 
It is more d i f f i c u l t  t o  d e v e l o p  an a d e q u a t e  p i c t u r * e  o f  SPRU's p e r c e p t i o n  
of timr t h a n  i n  t h e  case of  SDG; t h e r e  are n o n t h e l e s s  certain i m p l i c i t  
themes which we can d i s c u s s .  To SPRU t h e  f u t u r e  a p p e a r s  as undetermined; 
t h e y  make numerous r e f e r e n c e s  t o  p r e v i o u s  f o r e c a s t e r s  - i n c l u d i n g  
economists  such as Malthus,  Ricardo,  Marx and Keynes, as well as 
p o p u l a t i o n  f o r e c a s t e r s  - and argue t h a t  a l l  can  b e  found want ing .  
H i s t o r y  is seen t o  have m a n i f e s t e d  c o n t i n u o u s  change; t e c h n o l o g i c a l  
developments are s e e n  t o  have wrought q u a l i t a t i v e  s h i f t s  i n  t h e  na ture  - 
a t  least  for some - of human existence. I n  so  fa r  as t h e y  p e r c e i v e  a 
common element  l i n k i n g  t h e  p a s t  w i t h  t h e  f u t u r e  i t  is t h a t  of f l u x .  T h i s  
is n o t  t o  imply t h a t  t h e y  deny t h a t  o t h e r  f a c t o r s  do n o t  remain s t a t i c  
o* change on ly  v e r y  s lowly;  r a t h e r ,  i t  merely p o i n t s  o u t  t h e  impor t ance  
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t h e y  a t t r i b u t e  t o  change - i t  u n d e r l i e s  t h e i r  f a i t i i  i ?  t h e  p o s s i b i l i . t i e s  
o f  purposi;.e hunian a c t i o n .  
I,  7 I we have l e a r n e d  a n y t h i n g  froii: h i s t o r y  i t  is t ha t ,  m e n  m i k e  i t  as much 
a s  t h e y  arn made by i t . " ( 2 0 4 )  
We may c o t e  t!iat l i k e  t h e  MIT group, .S?R'J a!ss r e c o g n i z e  'hat t he re  a r e  
c e r t a i r .  i n p o r t i n t  Zelays which have  a b e a r i n g  on g ioba l  problems - for 
examyl.n, t h e y  c i t e  t h o  d e l a y s  i n h e r e n t  i n  research and development. 
Howeb'er, tneir  p a s i t i o n  on t h i s  i s s u e  is far removed from t h e  b e l i e f  
t h a t  d e l a y s  are such t h a t  growth nust be s topped  now les t  i t  may be t o o  
l a t e .  
I n  a series c f  t e s t s  on t h e  world models SPRU c o n t r a s t e d  t h e i r  behav iour  
w i t h  t ha t  of  a c c e p t e d  h i s t o r i c a l  t r e n d s ,  a r g u i n g  t h a t  t h e  v a l i d i t y  of 3 
modal i s  p a r t l y  determined by i t s  a b i l i t y  t3 r ep roduce  such t r e n d s . T h e y  
a l s o  a d v o c a t e  the use of time-series d a t a  f o r  model c a l i b r a t i o n  and 
tes t ing .  SUCK p r o c e l u r e s  im2iicl t l :y  assume t h a t  e v e n t s  (da ta  p i n t s )  can 
b e  f l x e d  i n  relation t o  an a b s t r a c t  o r  p h y s i c a l  c o n c e p t i o n  of  time. A 
c h o i c e  betweer. models can c h e r e f o r c  be Eade on t h e  basis  o f  which is 
b e t t e r  a b l e  t o  r e p r o d u c e  t h e  r e q u i s i t e  values i n  acco rdance  w i t h  t h e i r  
mappings w i t h i n  p h y s i c a l  time. We do n o t  mean t o  i n d i c a t e  t h a t  t h e y  
would d i s m i s s  t h e  system d y n a m i c i s t s '  arguments  abou t  t h e  t empora l  
re la t ions! i j .ps  t h 3 t  may e x i s t  between S e h a v i o i z  modes ( i n c l u d i n g  such 
t h i n g s  as ?hase  s h i f t s !  bu t  w i s h  t o  suggest t h a t  SPRU r e q u i r e  a model t o  
p a s s  a niore s t r i n g e n t  t es t  than  SDG.This can b e s t  be s e e n  if WI c o n s i d e r  
S??U'S a i v w a - y  of a test  known a.? "2-sample" t e s t ing .  I n  t h i s  test a 
time-series d a t a  base is s p l i t  i n t o  two h a l v e s ,  one half i s  u s e d  ,to 
c a l i b r a t e  a model and t h e  o t h e r  is used f o r  assessing t h e  ,model 's  
a b i l i t y  t o  g e n e r a t e  t h a t  second h a l f .  Now t h e  r equ i r emen t  t h a t  a model 
can g e n e r a t e  d a t a  i n  acco rdance  w i t h  t h e i r  reference p o i n t s  w i t h i n  
p h y s i c a l  time is more d i f f i c u l t  t o  f u l f i l l  t h a n  one which merely 
r e q u i r e s  t h e  r e p r o d u c t i o n  of t empora l  s equences  of  behav iour  ( s u c h  as 
growth and c o l l a p s e  or o s c i l l a t i o n ) .  Indeed,  t h e  l a t t e r  r equ i r emen t  can 
be seen a s  a s u b s e t  of t h e  first. We suggest t h a t  t h i s  d i f f e r e n c e  s h o u l d  
n o t  o n l y  be c o n s i d e r e d  as a t e c h n i c a l  or me thodo log ica l  matter - r a t h e r ,  
we contend t h a t  t h e r e  is a d i f f e r e n c e  of p e r c e p t i o n  i n v o l v e d  here .  
P h y s i c a l  time i s  a r e f e r e n c e  l i n e  i n  one p e r s p e c t i v e  w h i l s t  t h e  t empora l  
o r d e r  i n h e r e n t  i n  feedback s y s t e m ,  which is - by i a p l i c a t i o n  - o n l y  
a p p r e h e n s i b l e  from e x p e r i e n c e  o f  such  systems or  th rough  t h e  
p e r s p e c t i v e  a f f o r d e d  by system dynamics, is t h e  benchmark of t h e  o t h e r .  
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8.7 CONCLUSIONS __ 
We have now completed our e x p o s i t i o n  o f  t h e  d i f f e r e n t  compara t ive  
elements t aken  f o r  each group. Although we have a l r e a d y  made some 
comparati ,ve remarks,  t .h is  was t o  f a c i l i t a t , e  t h e  e x p o s i t i c n  and w e  must 
now expand upon them and seek  to i n t s r p r e t  t h e  d i f f e r e n c e s  i n  terms of 
t h e  g r id -g roup  t h e o r y  of  cosmologies.  In S e c t i o n  b.3 w e  argued t h a t  i n  
t h e  c a s e  of s o c i z l  l o c a t i o n ,  SPRU were lower i r ,  term of  g r i d  and group 
than SDU; i n  Sect ioI i  4.4 we showed t h a t  t h e i r  t h o u g h t  s t y l e  - as g i v e n  by 
t h e i r  me t3odo log ica l  c r i e n t a t i o n  and r e s g o n s e  t o  anomal i e s  - was a l s o  
lower g r i d  than t h a t  of SDG. Now, our  t a s k  is t o  s e e  i f  t h i s  d i f f e r e n c e  
i s  s y t e n a t i c a l l y  p r e s e n t  i n  t h e  o t h e r  cosmolog ica l  e l e m e n t s  c o n s i d e r e d  
i n  S e c t i o n s  4.5 and 4.6. 
SDG adop t  a L e i u n i t z i a n  approach t o  kniwledge i n  c o n t a s t  t o  t h e  'Kantian' 
p o s i t i o n  t aken  by SPRU. T h e  former,  based u j ~ o n  an a l l - a m b r a c i n g  scheme, 
assume^ t h a t  systems are real ,  as indeed  i f  must do if i t s  j u s t i f i c a t i o n  
l i es  on f s rna l  r a t h e r  t han  e n i p i r i c a l  ground. 
Although SDG s e t  great s t o r e  by f o r m a l  models we s h o u l d  riot conc lude  
t h a t  t h e i r  mode l l ing  is  a b s t r a c t  i n  t h e  sense t o  which t h a t  term is 
a p p l i e d  t o  s a y  t h e o r e t i c a l  phys i c s .  Ra the r ,  we have seen t h a t  system 
dynamics models are based up01 i n t u i t i v e  o b s e r v a t i o n s  of t h e  behav iour  
of "real s y s t e m " .  In fo rma l  empirical o b s e r v a t i o n s  a r e  r ega rded  as p l a i n  
c o n c r e t e  facts ,  t h e y  are n o t  t t e o r y - l i d e n  but do r e q u i r e  t o  be set i n  an 
a p p r o p r i a t e  framework which i n  t h i s  case i3 given  by sys t em dynamics. 
T h e  Kan t i an  p o s i t i o n  o f  SPRU sees 311 fac ts  a s  t h e o r y - l a d e n  and t g e y  
p r e f e r  a p l u r a l i s t i c ,  compai a t i ve  approach  t o  knowledge. I n s t e a d  of  
u n i f y i n g  frameworks and gloi.>al e n t i t i e s ,  SPRU are more i n t e r e s t e d  i n  
p a r t i c u l a r  t e c h n o l o g i e s ,  i n s t i t u t i o n s  or  p o l l u t a n t s .  The problems o f  
fo rma l  d a t a  g a t h e r i n g  n o t w i t h s t a n d i n g ,  SPRU a d v o c a t e  t h e  n e c e s s i t y  of  
u s i n g  q u a n t i t a t i v e  d a t a  because  it is seen t o  p r o v i d e  a more o b j e c t i v e  
b a s i s  upon which t o  b u i l d  and test models. 
W h i l s t  SPRU p l a c e  a s t r o n g  emphasis on causal e x p l a n a t i o n  SDG give it 
less prominence and s e e k  t o  c l a s s i f y  social  problems a c c o r d i n g  t o  t h e  
p r o p e r t i e s  o f  feedback systems. 
Thus,on t h e  grounds of  t h e i r  d i f f e r e n c e s  c o n c e r n i n g  fo rma l  e m p i r i c a l  
d a t a ,  c a u s a l  e x p l a n a t i o n  v e r s u s  c a t e g o r i z a t i o n ,  and p a r t i c u l a r  v e r s u s  
u n i f y i n g  frameworks, we would a s c r i b e  a lower  g r i d  r a t i n g  t o  SPRU. We 
have seen t h a t  F o r r e s t e r  b e l i e v e s  t h a t  criticisms o f  system dynamics are 
due t o  d e f i c i e n c e s  i n  s o c i a l  s c i e n c e  educa t ion .  I f  however w e  recal l  t h e  
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d i s t i n c t L o n  !,el;ieen o b j e c t - o r i e n t e d  and p e r s o n - o r i e n t e d  e l a b o r a t e d  
codes  we can  b e t t e r  unde r s t and  t h e  e i f f e r e n c e  between SDG a i d  some o f  
t h e i r  c r i t l r s ,  I n c l u d i n g  .SPRU. For SDG,  t h e  i m p o r t a n t  reatures  of t h e  
world l i e  ir t h e  systerdii: f eeeback  r e l a t i o n s ? i i . p s  betxeen i t s  g - e r a l  -- or 
u n i v e r s a l  components (e.g. capi  ta:, p o p u l a t i o n ,  r e s o u r c e s ) .  For SPRü 
nowever, 'ids have seen t h a t  t h e  i .mportant features  l i e  no t  i n  
g e n e r a l i t l e s ,  bu t  r a t h e r  i n  a c u l a r i t i e s  - s ~ c h  as t h e  v a r i a t i o n s  
be tdeen  n a t i m s ,  i n s t i t u t i . m s ,  o r  p o l l u t a n t s  e t c .  We can  s r g g e s t  t h a t  
t h i s  d i v e r s e n c e  may a r i s e  as  a consequence of t h e  two v e r s i o n s  of  t h e  
e l abora t e? .  c ~ C ? .  Ea?¡: s e e k s  to make t h e i r  r e s p e c t i v e  .riew o f  the world 
e x p l i c i t ,  b!: o r e  re la tps  and subord ina t , e s  t h e  p a r t . i c u l a r  t o  t h e  
g e n e r a i ,  w h i l s t  f o r  the o t h e r  no general p a t t e r n  e x i s t s  and so  it 
rema ins  focused on p a r t i c u l a r s .  T h e s e  remarks are i n  l i n e  w i t h  
B e r n s t c i n ' s  ide2.c: t h e  e l e b o r a t e d  code. 
" A t  the  b a s i s  o f  the mea:iir.gs of  an e l a b o r a t e d  code ( o b j e c t ) ,  i s  t h e  
n o t i o n  of one i n t e g r a t e d  sys t em which can g e n e r a t e  order...At t h e  b a s i s  
o f  t h e  meanings of a n  e l a t i x a t e d  code ( p e r s o n )  is a p l u r a l i s m ,  a r a n g e  of 
p o s s i b i l i t i e ~ . " ( L 0 5 )  
O f  course,  t h e  d i f f e r e n c e  between t h e  two v e r s i o n s  of  t h e  code i s  
re la t ive  and we are o n l y  a s s e r t i n g  t h a t  SDG's i s  mnre o b j e c t - o r i e n t e d  
than  SPRU's. 
I_ 
Turn ing  t o  t h e  c o n c e p t i o n  o f  n a t u r e ,  we have found t h a t  SDG a r t i cu la t e  
a n  e c o l o g i c a l  view of a l i m i t e d  na tu ra l  environment  w i t h  which man m u s t  
l i v e  i n  harmony. T h i j  p o s i t i c n  is complemented by t h e  n o t i o n  of na tu ra l  
checks  on p o p u l a t i o n  growth, p o l l u t i o n ,  a g r i c o i t u r a l  p r o d u c t i o n  a'nd 
i n d u s t r i a l i s a t i o n .  SPRU, on t h ?  o t h e r  hand, view a l l  c o n s t r a i n t s  as b e i n g  
l a r g e l y  r o o t e d  i n  soc :a l ,  ecmomic  and p o l i t i c a l  f a c t o r s .  They imply 
t h a t  s G c i e t y  can improve upon na ture  th rough  the a p p r o p r i a t e  use r.7 
t echno logy  - w h i c h  once  more d e n o t e s  lower g r i d .  
SDG's c o n c e p t i o n  of nature is e l a b o r a t e d  t o  a much greater ex ten t  and 
a c c o r d s  w i t h  a high-grid/high-group cosmology. The i n t e r d e p e n d e n c e  and 
n e c e s s a r y  harmony between s o c i e t y  and nature  is one ha l lmark  of t h a t  
cosmology. 
"So h e r e  one s h o u l d  expec t  an i n t e l l e c t u a l  e f f o r t  t o  e l a b o r a t e  a 
t r a n s c e n d e n t a l  me taphys ic s  which s e e k s  t o  make an e x p l i c i t  match 
between c i v i l i z a t i o n  and t h e  pu rposes  of God and nature. Synedoche i n  
metaphors  of  s o c i e t y  and n a t u r e  shows t h e i r  isomorphic  s t ruc ture  and 
expounds t h e i r  r e c i p r o c a l  support .f ' (Z06) 
Douglas argues t h a t  t h e  u s e s  of n a t u r e  for  pu rposes  of moral 
j u s t i f i c a t i o n  a r e  a l i - p e r v a s i v e  w i t h  t h i s  cosmslogy. We have s e e n  t h a t  a 
s i m i l a r  t h r e a d  pe rmea tes  t h e  system dynamics worldview: whether  it is i n  
t h e  u s e  of n a t u r a l i s t i c  metaphors For d e s c r i b i n g  s o c i a l  p r o c e s s e s ,  t h e  
t r a n s l a t i o n  of t h e  Malthusian i d e a  of  n a t u r a l  checks  i n t o  systems-  
t h e o r e t i c  n o t i o n s  of e q u i l i b r i u m  o r  t h e  n e c e s s i t y  f o r  pressures  and 
s t r e s s e s ,  we f i n d  a concep t ion  of  t h e  n a t u r a l  o r d e r  unde rp inn ing  a 
concaftion of  s o c i e t y .  F u r t h e r ,  Douglas argues t h a t  high-grid/high-group 
peop le  - 
"use t h e  i n c i d e n c e  of m i s f o r t u n e  t o  uphold t h e  moral law. Disease and 
acci:',ent are  e i t h e r  a t t r i b u t e d  t o  m r a l  f a i l u r e s  o r  i n v e s t e d  w i t h  
n o b i l i t y  i n  a genera: me taphys ica l  scheme which embraces s u f f e r i n g  as 
p a r t  o f  t h e  o r d e r  of  being."(207) 
Agzic, t h i s  p a r a l l e l s  and i l l u m i n a t e s  F o r r e s t e r ' s  example c o n c e r n i n g  
famine and t h e  idea of p r e s s u r e s  and stresses. 
T h e i r  r e s p e c t i v e  views on man and s o c i e t y  can be r e a d i l y  c a t e g o r i s e d  
i n t o  one of pessimism i n  t h e  case o f  SDI: and optimism i n  t h e  case of 
SPRU. One stresses man's s h o r t s i g h t e d n e s s  2nd t h e  f a l i i b i l i t y  of s o c i a l  
i n s t i t u t i o n s  - ma3 is b u t  p a r t  of t h e  web of l i f e ,  a s  dependent  on t h e  
g l o b a l  ecosystem a s  a l l  o t h e r  s p e c i e s .  The o t h e r  l o o k s  t o  t h e  p o t e n t i a l  
f o r  imp-ovement- man is a s p e c i e s  which makes h i s t o r y .  
With F o r r e s t e r ,  a l l  men canno t  be e q u a l ,  b u t  i n  Meadows' case we f i n d  a 
d i s c u s s i o n  c o n c e r n i n g  t h e  p o s s i b i l i t y  o f  g l o b a l  r e d i s t r i b u t i o n  once  t h e  
e q u i l i b r i u m  s t a t e  h a s  bee:: achieved.  However, t h i s  i s  o n l y  a bonus of 
e q u i l i b r i u m ,  n o t  t h e  r eason  f o r  s e e k i n g  t o  c o n t r o l  t h e  approach t o  it.& 
contrast ,  w i t h  SPRU w e  f i n d  a s t a t e d  commitment t o  t h e  g o a l  of  
e g a l i t a r i a n i s m .  
The sys t em d y n a m i c i s t s  stress t h e  need f o r  long-term v a l u e s ,  man h a s  t o  
be h e l d  i n  check l e s t  h i s  s e l f - i n t e r e s t e d  o r i e n t a t i o n  s h o u l d  l e a d  t o  
c a t a s t r o p h e .  SPRU, i n  c o n t r a s t ,  are concerned w i t h  t h e  co I id i t i on  a l r e a d y  
f a c e d  by much o f  t h e  world. W h i l s t  F o r r e s t e r  a s k s  q u e s t i o n s  a b o u t  t h e  
means of c o e r c i o n  n e c e s a r y  to  s u s t a i n  z e r o  growth SPRU a r g u e  f o r  growth 
i n  o r d e r  t o  remove t h e  s t a t e  o f  p o v e r t y  endured by t h e  underdeveloped 
c o u n t r i e s .  
The p e s s i m i s t s  see technology as a t r a n s i e n t  e v a s i o n  of t h e  n a t u r a l  
o r d e r ,  t h e  o p t i m i s t s  see it - when employed p r u d e n t l y  - a s  a means of 
modifying t h e  natural  o rde r .  
i 6 1  
On a l l  t h e s e  p o i n t s  w e  would p l a c e  STRU i n  a lower gr:.d p o s i t i o n  than 
SDG. However, SPRU's a c c e p t a n c e  of t h e  need for Salaczed 8-owth and f o r  
t e c h n o l o g i e s  which do no t  damage t h e  n a t u r d i  environment ,  p l a c e s  them i n  
a h i g h e r  g r i d  p o s i t i o n  than t h o s e  who wouic! cour>tenance t h e  most 
v igo rous  a t t e m p t s  ts c o n t r o l  n a t u r e .  T h u s ,  agair ,  %e se? that  SPRU's views 
are n Q t  l o r - g r i d  p e r  se, hu t  r a t h e r ,  are -2 t h a n  SDS's. 
Douglas  argues t h a t  , :cnceptions of time are enployed i n  t h e  r o l e  of  
j u s t i f y i n g  a c t i o n s  or c o e r c i n g  pciople t o  i o m i  t the3reives t o  a c t i o n .  
SDG j s t i f y  t h e i r  p o l i c y  recommendations hy a p p e a l i q g  t o  t h e  t r a d i t i o n  
w i t h i n  x h i c h  they  p e r c e i v e  themse lves  t o  s t a n d  (which in fac t  they  d o )  
and t h e  long- t e rm p e r s p e c t i v e  they  t ake  o f  t h e  f x t u r e ;  t,he c o e r c i v e  edge 
o f  t h e i r  views can be  seen ii: t h e  admoni t ion  t o  a c t  cow - f o r  tomorrow 
may be tci. l a t e .  H i s t o r i c a l  t r a d i t i o n  a t  MIT is well d i f f e r r n t i a t e d ,  and 
i t  is t h i s  which h e l p s  t o  s u p p o r t  a long-term view of t h e  f:iture. 
-- 
With SPRU we have seen  t h a t  t h e i r  vlew o f  t i n e  al lows  no p o l i c y  
f o r m u l a t i o n s  based upon f o r e c a s t s  i n t o  t k e  d i s 5 a n t  f u t u r o .  For them t h e  
p o s s i b i l i t i e s  ( b c t  n o t  t.he i n e v i t a b i l i t i e s )  of t h e  futiire are na tchcd  by 
t h e  changes  wrought i n  t h e  p a s t  - t h i s  s e r v e s  t o  legi t imate  t h e i r  
s c e p t i c i s m  and c a u t i o n  a t o u t  t h e  SDC's arguments.  F u r t h e r ,  t h e i r  f avoured  
mode? t e s t i n g  p rocedures  implicitly s e e k  r e c o u r s e  t o  a p h y s i c a l  
c o n c e p t i o n  of  time i n  o r d e r  t o  assess model behaviour .  SDG, on t h e  o t h e r  
hand, c o n s i d e r  t h e  q u a l i t a t i v e  t empora l  o r d e r  which is i n h e r e n t  i n  b o t h  
na tu ra l  and s o c i a l  s y s t e a  s t ructures  t o  be s u f f i c i e n t .  A l 1  cosmologies 
employ time i n  o r d e r  t o  j u s t i f y  o r  c o e r c e ,  b u t  t h e  d i s t i n c t i o n  between 
p h y s i c a l  time and t h a t  embodied i n  sys t em r?ynanics i n d i c a t e s - a  
c o s m o l o g i c a l l y  based d i f f e r e c c e :  SDG's c o n c e p t i o n  o f  time is h i g h e r  g r i d .  
With each  of t h e  compara t ive  c u l t u r a :  elements we have c o n s i d e r e d  it h a s  
been found t h a t  SDG appea r  t o  hold a h i g h e r  g r i d  cosmology t h a n  SPRU. 
With t h e  group dimension too, it h a s  been found t h a t  SDG manifest  t h e  
greater sense of g roup  boundedness. T h e r e f o r e ,  when c o n s i d e r e d  t o g e t h e r ,  
t h i s  s y s t e n a t i c  c u l t u r a l  b i a s ,  i n  a d d i t i o n  t o  t h e  e v i d e n c e  w e  have 
c o n c e r n i n g  the i r  s o c i a l  l o c a t i o n  and s t y l e  of though t ,  would seem to 
s u p p o r t  t h e  h y p o t h e s i s  t h a t  t h e  social  e x p e r i e n o e  of SDC is indeed  t h a t  
of a h i g h e r  g r id -g roup  s e t t i n g  than  SPRU. 
Douglas' t h e o r y  has n o t  been t e s t e d  h e r e ;  r a t h e r ,  it h a s  been used t o  
show t h a t  on t h r e e  d i f f e r e n t  levels  - s o c i a l  s t r u c t u r e ,  s t y l e ,  and 
c o n t e n t  of knowledge - w e  can reach t h e  same c o n c l u s i o n s  abou t  t h e  
r e l a t i v e  g r id -g roup  p o s i t i o n s  of  SPRU and SDG (see F i g ( l 0 ) ) .  On a n o t e  
o f  c a u t i o n ,  i t  must be admi t t ed  t h a t  t h e  c o n c r e t e n e s s  of t h e  ev idence  
f o r  each  l e v e l  i s  n o t  t h e  same. T h a t  fo r  though t  s t y l e  is t h e  most 
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d e n s e l y  documented fol lowed by t h a t  f o r  cosmolog ica l  c o n t e n t .  The 
e v i d e n c e  on s o c i a l  e x p e r i e n c e  is t h e  weakest.  However, t h e  f i n d i n g  f o r  
each l e v e l  are mutua l ly  s u p p o r t i v e  and t h e r e b y  r e n d e r  t h e  o v e r a l l  
c o n c l u s i o n s  t h a t  much stronger. Having e s t a b l i s h e d  t h e s e  c o n n e c t i o n s ,  
however, we can n o t  answer t h e  q u e s t i o n  as t o  why e i t h e r  group came t o  be 
where t h e y  are - i.e. we can not d r a w  c a u s a l  i n f e r e n c e s  and s a y  t h a t  t h e  
social  e x p e r i e n c e  of SDG caused t h e i r  cosmology or  v i c e - v e r s a .  Indeed,  
we can o n l y  s a y  t h a t  knowledge and s o c i a l  s t r u c t u r e  were mutua l ly  
s u p p o r t i v e  i n  the i r  co-development. 
We have  a l so  s u g g e s t e d  t h a t  SDG's gr id -g roup  p o s i t i o n  has changed, b o t h  
d u r i n g  t h e  p r o c e s s e s  of  group c o n s o l i d a t i o n  and t h e  c l o s i n g  of r a n k s  
which ensued when t h e y  came under  criticism. The effect  of t h a t  
cr i t ic ism would not o n l y  seem t o  have pushed them towards  h i g h e r  group, 
b u t  a l s o  p r e s s u r e d  them i n t o  a h i g h e r  e r i d  p o s i t i o n  by i n s u l a t i n g  them 
and r e d u c i n g  t h e i r  t r a n s a c t i o n s  w i t h i n  t n e  media of t h e  s c i e n t i f i c  
e s t a b l i s h m e n t .  
SDG manifest  a more o b j e c t  o r i e n t e d  e l a b o r a t e d  code; s t a r t i ng  from t h e  
p e r s p e c t i v e  o f  a u n i v e r s a l  framework t h e y  seek t o  d e l i m i t  t h e  na tura l  
cons t ra in ts  which de te rmine  t h e  p o t e n t i a l  form of f u t u r e  s o c i a l  
arrangements and developments. I n  c o n t r a s t ,  SPRU start  from t h e  q u e s t i o n  
of social  and p o l i t i c a l  c h o i c e s  and s e e k  t o  e x p l o r e  t h e  a ï e n u e s  by which 
t e c h n o l o g i c a l  development and s o c i o - p o l i t i c a l  changes can be wrought t o  
a c h i e v e  them. 
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A l l  of t h i s  d o e s  n o t  imply t h a t  SDG are i n  any way p e r v e r s e  o r  unique; 
r a t h e r ,  i t  may be t h a t  a l l  t h e o r i e s  e x h i b i t  s imilar c h a r a c t e r i s t i c s  
d u r i n g  t h e  co'urse of t h e i r  development. Rowever, w h i l s t  w e  canno t  j udge  
t h e  u l t ima te  v a l i d i t y  of  svstem dynamics we can p e r h a p s  susgest t h a t  i t  
h a s  some way t o  go b e f o r e  i t  r e a c h e s  t h e  stage of p r a c t i - 3 1  p o l i c y  
u s e f u l n e s s .  
Douglas w ipes  t h a t  no par t  o f  t h e  grid-&rc.Ip diagram i s  w i t h o u t  i t s  own 
s p e c i f i c  i l l s ,  a l l  cosmologies  have p r o s  and c o n s  and t h i s  i s  j u s t  as 
t r u e  f o r  SPR'J as f w  SDG. All g r o u p s  draw upon a c o n c e p t i o n  of  t h e  
n a t w a l  o r d e r  t o  s u p p o r t  t h e i r  p c s i t t c n  v i s - a - v i s  s o c i a l  i n s t i t u t i o n s  
and here  we have examined ;WO d i f f e r e n t  c o n c e p t i o n s  s u p p o r t e d  by two 
d i f f e r e n t  s o c i a l  expe r i ences .  
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INTRODUCTION 5.0 ____ _ 
The p r e v i o u s  two c h a p t e r s  have been concerne:! w i t h  t h e  i:;fluences of
s o c i a l  s t r u c t u r e s  upon knowledge. These have bcen exaziiied i.r, terms of 
t h e  t h e o r e t i c a l  r e l a t i o n s h i p s  between s o n i a l  o e v e l ~ s j m ~ ~ ~ t  and 
worldviews, and between s o c i a l  s t r u c t u r e  Ir id  CoSmoiGg::. Tk.us far ,  
however, we have been m a i n l y  c o n c e r n e i  w i t t i  knowledee v i i iwed 3s  a 
p r o d u c t  of s o c i a l  s t r u c t u r e s .  Here we w i l l  b eg in  t o  examine t!:e o t h e r  
s i d e  o f  tric r e l a t i o n s h i p  as o u t l i n e d  i n  mr nodel  i n  Chapter  Two. 
The aim i n  t h i s  and t n e  f o i i o w i n g  c h a p t e r  is  a n  invcst igat . ioz oI'some of  
t h e  s o c i a l  e f f e c t s  o f  s y s t e n  dynamics - i.e. w i t h  t h e  e x o t e r i c  r o l e  o f  
t h i s  knowledge sys t em once  o u t s i d e  t h e  S y s t e a  3yna.mics Laboratory.  It 
must be s t r e s s e d  c h a t  we do n o t  p ropose  1;3 i n v e s t i ~ a t r :  e m p i r i c a l l y  
q u e s t i o n s  c o n c e r n i n g  whether  o r  n o t  sys t em dynairi.cr :?:as a c t u a l l y  caused 
a c t i o n  'a' o r  'b'. As we s h a l l  see la te r ,  even i:' it i n s  been t h e  b a s i s  for  
d e l i b e r a t e  p o l i c y  e e c i s i o n s ,  t h e  a s s o c i a t e d  o f f i i i a ì s  may be  u n l i k e l y  t o  
admit t o  it. Ra the r ,  we are more i n t e r e s t e d  I.r: i t s  p o t e n t i a l  s o c i e t a l  
r o l e  and s e e k  t o  i n v e s t i g a t e  i ts  c h x a c t e r i s t i ' z s  a s  a knowlcdge sys t em 
i n  s p e c i f i c  r e l a t i o n  t o  t h a t  r o l e .  I n  o t h e r  words, yie s e e k  t o  i l l u m i n a t e  
t h e  s o c i a l  role  i m p l i c i t  i n  sys t em dynamics. We contepd t h a t  t h i s  is  a 
u s e f u l  l i n e  o f  e n q u i r y  t o  pu r sue  and is d i 3 c l c P  from t h o s e  c r i t i q u e s  
which have r e s t r i c t e d  themse lves  t o  quest ic : :s  c o n c e r n i n g  t h e  l i k e l y  
e f f i c a c y  o f  t h e  recommended p o l i c i e s .  
I n  Chap te r  Two we d i s c u s s e d  t h e  r o l e  of knowl.edge a 3  a s o c i a l  b i n d i n g  
a g e n t  cementing peop le  t o g e t h e r  i n  v a r i o u s  smial. gyoupings - i.e. 
knowledge is a n  e s sen t i a l  part o f  t h e  s o c i a l  bonds t h a t  p e a p i e  f w m  w i t h  
each o t h e r ,  whether  i n  term o f  s h a r e d  cogn i r i cn l ;  or a s  a means o f  
c o e r c i o n  or l e g i t i m a t i o n .  The nature of t h e  binding,  t h e  form and 
s t r u c t u r e  of  t h e  g roup ings ,  and t h e i r  w ide r  s a c i a l  and p o l i t i c a l  
consequences,  are t h e  s o c i a l  e f fec ts  upon whic.h we w i l l  f o c u s  our 
a t t en t ion .  
Our i n t e r e s t  i n  t h e  n a t u r e  of t h e  b i n d i n g  e f f e c t  of knowledge w i l l  be  
concerned w i t h  t h e  r o l e  o f  sys t em dynamics as an e x p l a n a t o r y  r e s o u r c e  - 
i n c l u d i n g  a t h e o r y  and set o f  exemplars  - hhich serves t o  o r g a n i s e  
c o g n i t i o n .  'de w i l l  a l s o  cc.7sider t h e  d i f f e r e n t  e l emen t s  o f  worldview and 
cosmology which c o h e r e  i n  such a m y  as t o  secure w-rtehension of a 
p a r t i c i u l a r  body of knowledge, and t h e r e f o r e  t o  l e g i t i m a t e  and e n s u r e  
commitment t o ,  t h e  s p e c i f i c  p o l i c i e s  and s o c i a l  s t ruc tures  t h a t  are 
promoted by t h a t  knowledge. 
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The l o c u s  o f  o u r  i n t e r e s t  iq social group ings  cent7,es upon some o f  t h e  
s o c i a l ,  economic, and p o i l f i c a l  f e a t u r e s  of t n e  s o r i a l  systems 
p r e s c r i b e d  by sys t em dynairics; w h i l s t  w i t h  t h e  wider  s o c i a l  and 
p o l i t i c a l  a s p e c t s  our  a t t e n t i o n  t u r n s  t o  t h e  r o l e  of  system dynamics 
e x p e r t s  v i s - a - v i s  p o l i t i c i a n s  and t h e  e l e c t o r a t e .  
I n  d i s c u s s i n g  the r o l e  of  knowledge as a b i n d i n g  3genZ '*e w i l l  f o c u s  
upon t h e  Î o l l o w i n g  f i v e  a r e a s .  
5.2 C h a r a , ? t e r i s t i c s  of t h e  urban s t ruc ture  
5.3 Knowledge a s  a conse rva t , i ve  cr r a d i c a l  f o r c é  
5.4 Knowledge as an e x p l a n a t o r y  r e s o u r c e  
5.5 L e g i t i m a t i o n  
5.6 The r o l e  of sys t em dynamics e x p e r t s  
Ra the r  t h a n  a t t e m p t i n g  t o  e x p l o r e  these  issiies i n  r e l a t i o n  t o  system 
dynamics as a whole, we w i l l  c o n c e n t y a k  on F o r r e s t e r ' s  e f f o r t s  a t  
mode l l ing  c i t i e s ,  par t ico1ar:y h i s  work j e s c r i b e d  i n  Urban Dynamics 1 . 
T h i s  w i l l  p r o v i d e  us  w i t h  a s u f f i c i e n t l y  t i g h t  framework w i t h i n  which t o  
i l l u s t r a t e  o u r  arguments.  
The f i rs t  a r e a  o f  i n t e r e s t  ccntres on t h e  i n s t r u m e n t a l  r o l e  o f  knowledge 
i n  s o c i a l  management and c o n t r o l .  System dynamics models r e p r e s e n t  
p a r t i c u l a r  s o c i a l  s t r u c t u r e s  and v a r i o u s  p o l i c i e s  are  proposed f o r  
t h e i r  c o n t r o l .  The c h a r a c t e r i s t i c s  of t h e  proposed urban s t r u c t u r e ,  and 
t h e  p o l i c i e s  t o  a c h i e v e  it ,  w i l l  be t h e  focius o f  ou r  concern.  T h i s  will 
e n a b l e  u s  t o  c o n s i d e r  - i n  t h e  f o l l o w i n g  s e c t i o n  - whether i ts p o t e n t i a l  
r o l e  r e p r e s e n t s  s p e c i f i c  o r  general i n t e r e s t s  and g o a l s  o f  urban 
communi ties. 
The second a r e a ,  t h e r e f o r e ,  c o n c e r n s  t h e  r e l a t i o n s h i p  between e x i s t i n g  
urban s t r u c t u r e s  and t h e  t y p e  advoca ted  i n  urban dynamics. More 
s p e c i f i c a l l y ,  i t  c e n t r e s  on w h e t h e r  or n o t  t h e  urban model aims t o  
cement e x i s t i n g  s o c i a l  a r r angemen t s ,  o r  whether  i t  aims t o  change them, 
and t h e  e x t e n t  t o  which it may wish t o  do so. We have a l r e a d y  argued t h a t  
F o r r e s t e r  wished t o  m a i n t a i n  s o c i a l  o r d e r  d u r i n g  t h e  u rban  crisis,  b u t  
t h i s  conce rn  d o e s  n o t  exhaus t  t h e  na ture  o f  h i s  p o l i c y  recommendations. 
( I n  fac t ,  we w i l l  a r g u e  t h a t  h i s  model h a s  a c e r t a i n  measure o f  autonomy 
v i s - a - v i s  t h e  in te res t s  of  c a p i t a l i s t s . )  
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The t h i r d  a r e a  of i n t e r e s t  is t h e  ilse of knowledge a i  an e x p l á n a t o r y  
r e s o u r c e  f o r  d i s c u s s i n g  t h e  world aboiit  u s  and m a i n t a i n i n g  c o g n i t i v e  
cohsrence.  S e r e  we w i l l  d i s c u s s  t h e  r o l e  of system dynamics a s  a d e v i c e  
f o r  e x p l a i n i n g  i r h n  p r o b i e o s ,  t o g e t h e r  w i t h  t h e  a t t e n d a n t  t h e o r e t i c a l  
and s o c i a l  r a m i f i c a t i o n s  t o  whizti t h i s  leads.  For example, i n  
r e p r e s e n t i n g  a t h e o r y  of a p a r t i c u l a r  s o c l a l  system, a model can 
t h e o r e t i c a l l y  ' c l o s e  o f f '  o t h e r  a l t e r n a t i v e  t h e o r i e s .  T h i s  can have 
s o c i a l  consequences because  i n  sc?eking tc. d e f i n e  tre .issence o f  t h e  
system i n  q u e s t i o n ,  t h e  r,odel , c lo ses  o f f  o t h e r  ,:oncepiions o f  s o c i a l  
r e a l i t y  and t h e r e f o r e  a l t e r n a t i v e  socia:  s t r u c t u r e s .  
The f o u r t h  a r e a  a d d r e s s e s  t h o s e  a s p e c t s  of  t k e  model t h a t  s e r v e  t o  
le6it imnte i t  and t h e  argument,s t h a t  are  mustered i n  or- ler  t o  j u s t i f y  
it. 
L a s t l y ,  t h e  f i f t h  area of interest  c o n c e r n s  t h e  w i d e r  cunsequences o f  
t h i  sp read  o f  system dynamics and i t s  u s e  f o r  t h e  c o n t r o l  ?nd n-inagement 
of s o c i a l  ;ystems. Ear l ier  we argued tha t .  knowledge r e p r e s e n t s  n power 
r e s o u r c e  - t h a t  t h o s e  who d e f i n e ,  c o n t r o l ,  and implement knowledge hu.ve a 
c e r t a i n  measure of  power. I n  term3 of  s o c i a l  p o l i c y ,  kcowledge d e f i n e s  
what is p , x s i b l e  and what i s  not: it d i s t i n g u i s h e s  t h e  p r a c t i c a l  from 
t!w Ii topisn.  T h e r e f o r e  t h o s e  who d e v i s e  pol. icy have a d e g r e e  of c o n t r o l  
oye? . soc i a l  r e l a t i o n s  ~znd hence power. We w i l l  refer t o  t h e  p a r t i c u l a r  
l a b o r a t o r y  b a s i s  o f  system dycamics and v i v d  its d i f f u s i o n  i n t o  
pol icymaking as an extension of t h e  l a b o r a t o r y .  We w i l l  l ook  a t  the  r o l e  
of system d y c a m i c i s t s  i n  r e l a t i o n  t o  p o l i t i c i a n s  and t h e  e l e c t o r a t e ;  t h e  
e f f e c t  of  t h e i r  proposed urban p s l i c i e s  i n  e n s u r i n g  s o c i a l  consensus  
through t h e  i n t e g r a t i o n  of d i f f e r e n t  classes i n t o  t h e  urban s t r u c t u r e  - 
w i t h  t h e  consequent  ac ,>ep tance  of t h e  cosmology which i t  s u p p o r t s ;  and 
t h e  s o c i a l  and e d u z a t i o n a l  i m p l i c a t i o n s  of t h e  t e a c h i n g  o f  system 
dynar,ics as p a r t  o f  a wide r  a t t e m p t  t o  e n s u r e  s o c i a l  consensus.  
5.1 'Ell3 BACKGROUND TO URBAN DYNAUICS 
I n  t h e  1960s t h e  Un i t ed  S t a t e s  expe r i enced  a tremendous bu rgeon ing  of 
s c i e n c e  a n d  technology;  s c i e n t i f i c  and t e c h n o l o g i c a l  r a t i o n a l i t y  h e l d  
o u t  g r e a t  hopes f o r  many peop le  as t h e  g e n e r a t o r  of g r e a t e r  a f f l u e n c e  
and n a t i o n a l  p r i d e .  S c i e n c e  and t echno logy  took  man t o  t h e  moon, and 
t e c h n o l o g i c a l  a p p l i c a t i o n s  of new knowledge i n c r e a s i n g l y  p e n e t r a t e d  
many a s p e c t s  of  l i f e  f o r  l a r g e  numbers of t h e  American p o p u l a t i o n .  
S c i e n c e  and t echno logy  con t inued  t o  r e s t r u c t u r e  s o c i a l  r e l a t i o n s  i n  t h e  
workplace,  deve?opments which l e d  many peop le  - i n c l u d i n g  p o l i t i c i a n s  
and a d m i n i s t r a t o r s  - t o  l o o k  t o  science and t echno logy  f o r  s o l u t i o n s  t o  
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s o c i a l  problems. T h i s  was t h e  e r a  when t h e  so-cal led 'end of ideology' 
was debated and some writers opined t h a t  t h e  only problems l e f t  fac ing  
. soc ie ty  were t echn ica l  and admin i s t r a t ive  ones2. 
A m i d s t  the  a f f luence  of c e r t a i n  s o c i a l  c l a s s e s  and the  b r i t t l e  
t echnoc ra t i c  optimism of  t h e  time, the  problems of  urban decay continued 
t o  worsen. Within t h i s  contemporary c l imate  it was n a t u r a l  t h a t  people 
should have looked t o  sc ience  and technology t o  so lve  the  problems of 
urban decay - s o c i a l  engineer ing h e l d  out  t h e  promise of so lv ing  t h e  
urban c r i s i s .  
"Such hopes a r e  manifest  i n  t h e  commonly s t a t e d  expectation...that t h e  
t e c h n i c a l  s k i l l s  which put  men on the  moon ought t o  be able to  so lve  t h e  
problems of our c i t i e s  or  nation." Greenbergor e t  a l  ( 3 )  
I n  fact, Greenberger sugges ts  t h a t  many engineers  who were displaced as 
a r e s u l t  of cutbacks i n  the  space program dur ing  t h e  l a t e  1960s a c t u a l l y  
moved i n t o  a r e a s  of s o c i a l  policymaking. The background of f a i t h  i n  
technology and sc i ence  provided t h e  contex t  w i t h i n  which c e r t a i n  groups 
began t o  use computer models i n  order  t o  t r y  and so lve  s o c i a l  problems. 
This  gave t h e  urban model a certain a i r  of  legi t imacy,  b u t  we w i l l  s ee  
la ter  t h a t  rather than o f f e r i n g  a t echnoc ra t i c  hope of so lv ing  t h e  urban 
c r i s i s ,  F o r r e s t e r  advocated a set of p o l i c i e s  which appeared l e g i t i m a t e  
for q u i t e  d i f f e r e n t  reasons too. 
A t  the start of t h e  urban p ro jec t  F o r r e s t e r  consul ted top c i t y  o f f i c i a l s  
before  r e t i i i n g  t o  h i s  laboratory.  t o  bu i ld  t h e  model. I n  o t h e r  words, he 
cons t ruc ted  an e s o t e r i c  v a r i a n t  of t h e  background ( e x o t e r i c )  knowledge 
gained from h i s  sources.  It was from t h e  l abora to ry  t h a t  t h e  urban 
pol icy  recommendations emerged, shaped t o  p l ay  an e x o t e r i c  ro l e  amongst 
t h e  publ ic  and var ious  admin i s t r a t ive  o f f i c i a l s  who were o r i g i n a l l y  
consul ted.  
5 2  CBARA(;IEBIsTICS OF TBB m(Bl1ll STRUCTURE 
I n  t h i s  s ec t ion  our  aim is t o  p iece  toge the r  a p i c t u r e  of t h e  p o l i c i e s  
and proposed urban s t r u c t u r e s  contained i n  Urban Dynamics. Rather than 
d i scuss ing  t h e  model equat ions  w e  w i l l  look beneath them f o r  t h e  p a t t e r n  
of  assumptions which govern Forres te r ' s  theory  of urban systems and 
which a l i g n  it i n  accordance w i t h  s p e c i f i c  i n t e r e s t s  and goals.  
I n  t h i s  instance he performed much of t h e  computational work work from * 
with in  h i s  home study. However, t h e  metaphor is still apt .  
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Perhaps  t h e  most i m p c r t a n t  c h a r a c t e r i s t i c  of h i s  apfiroach t o  urban 
mode l l ing  is t h a t  c i t i e s  are  viewel? a s  systems.  And n o t  j u s t  a n y  k ind  of 
system, bu t  most s p e c i f i c a l l y ,  sy-sLem whose behav ioura l  c h a r a c t e r i s t i c s  
are determined by t h e  p r o p e r t i e s  of feedback structa;res a s  d e s c r i b e d  by 
s y s t e m  dynamics. Consequent ly ,  wSan problems a r e  e x p l a i n e d  i n  terms of  
t h e  p r o p e r t i e s  of complex n o n - l i n e a r  f eedback  s t r u c t u r e s  . 
These p r o p e r t i n s  of complex systems l e a d  t o  urban mismannge:aent which i s  
com;>ounded by p o l i t i c a l  expediency. F o r r e s t e r  seeks t o  e x p l a i n  urban 
cr ises  by a s s e r t i n g  t h a t  p r e s e n t  a d m i n i s t r a t i o n s  pu r sue  p o l i c i e s  which 
are o b l i v i o u s  t o  t h e  b e h a v i o u r a l  c h a r a c t e r i s t i c s  i.f urban systems.  
F u r t h e r ,  p o l i t , i c i a n s  a r e  a l so  charged w i t h  b e i n g  t 3 o  a r i e n t e d  towards 
t h e  s h o r t  ho r i zon  of their  span of o f f i c e ,  o r  towards t h e  s h o r t - t e r m  
p o l i t i c a l  p r e s s u r e s  o f  t h e  underemployed. 
" H u n a n i t a r i a n  impu l ses  coupled w i t h  s h o r t - t e r m  p o l i . t i c a i  p re s s ' u re s  l e a d  
t o  programs whasc Srinefies, i f  ;iny, e v a p o r a t e  q u i c k l y ,  l e a v i n g  behind a 
system t h a t  is unimproved o r  i n  worse c o n d i t i o n . "  F o r r e s t e r  ( 9 )  
T h u s ,  it is suggest.ed t h a t  ? r e s e n t  p o l i c i e s  which a r e  des igned  t o  
r e l i e v e  urban p r o b l e m  art? i n e f f e c t u a l ,  o r  even a means of e x a c e r b a t i n g  
t h e  v e r y  problems t h e y  are supposed to cure. It m u s t  be stressed t h a t  
F o r r e s t e r  is n o t  a r g u i n g  t h a t  p o l i t i c i a n s  are i n  any way i n e p t ;  r a t h e r  
he b e l i e v e s  t h a t  because  '3ur i n t u i t i o n 3  a b o u t  &jnamics are formed by 
e x p r r i e n c e s  w i t h  s i m p l e  systems,  WE are i n c a p a b l e  o f  i n f e r r i n g  t h e  
behav iour  o f  complex ones. 
I n  drawing a t t e n t i o n  t o  a d m i n i s t r a t i v e  f a i l u r e s  F o r r e s t e r  l o c a t e s  them 
mos t ly  a t  a l o c a l  level and he  asserts t h a t  t h e  way towards urban 
r e v i v a l  l i es  i n  changed i n t e r n a l  p r a c t i c e s .  The c i t y  i s  t o  be self-  
r e v i v i n g ,  t o  be a "master of i ts own d e s t i n y " .  T h i s  b e l i e f  i n  urban 
autonomy is tempered by two q u a l i f i c a t i o n s ;  f i r s t l y ,  urban goals s h o u l d  
be s u b o r d i n a t e d  t o  n a t i o n a l  g o a l s ;  and second ly ,  F o r r e s t e r  e n v i s a g e s  
some s i t u a t i o n s  i n  which t k ?  c i t y  would need a s s i s t a n c e  from o u t s i d e .  
"If the c i t y  needs  o u t s i d e  he lp ,  i t  may be  l e g i s l a t i v e  a c t i o n  t o  f o r c e  on 
t h e  c i t y  t h o s e  p r a c t i c e s  t h a t  w i l l  l e a d  t o  long-term rev iva l .  Such 
o u t s i d e  p r e s s u r e  may be n e c e s s a r y  if i n t e r n a l  s h o r t - t e r n  c o n s i d e r a t i o n s  
make t h e  reversal  o f  p r e s e n t  t r e n d s  p o l . i t i c a l l y  impossible." F o r r e s t e r  
( 5 )  
What he means by t h i s  i s  t h a t  i n  c i t i e s  where t h e  e l e c t o r a l  power of t h e  
lower classes p r e c l u d e s  "long-term" p o l i c i e s ,  t h e  government may 
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o v e r r u l e  t h e  l o c a l  p o l i t i c a l  mach ine r i  and a u t i o r i t a t i v e l y  impose 
a l t e r n a t i v e  D o l i c i e s  which i t  deems more c o r r e c t .  
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F o r r e s t e r  does  c o t  j u s t  l a y  blame a t  t h e  door  of p o l i t i c i a n s  who g i v e  
sway t o  t h e  welfare demands of  t h e  underemployed, he a l s o  c h a r g e s  t h e  
l a t t e r  w i t h  i r r e s p o n s i b i l i t y  because they  v o t e  for. b e n e f i t s  which 
c i t i e s  a r e  a l l e g e d l y  i n c a p a b l e  of p rov id ing .  T t e  p o l i t i c a l  power o f  t h e  
urban joor is s e e n  as t o o  great,  a conse iuence  of t h e i r  overwhelming 
numbers. 
"The c i t y ,  by s h i f t i n g  t a x e s  o f f  t h o s e  who are a l r e a d y  t o o  numerous, 
e n r o u r a g e s  a s t i l l  greater i n f l u x  of  t h e  underemployed, who t i p  t h e  
b a l a n c e  dawnward i n  u s p i r a l  of  urban dec l ine . "  F o r r e s t e r  (6) 
F o r r e s t e r  e n v i s a g e s  a n  urban s t r u c t u r e  w i t h  a n o r e  "balanced" m i x t u r e  of  
s o c i a l  c l a s s e s .  S i n c e  t h e  p o l i t i c a l  ?owe? of t h e  lower classes is 
contended t o  be o r i e n t e 3  towards s h o r t - t e r m  in te res t s  which s t r e n g t h e n  
t h e  downward f o r c e s  o f  urban d e c l i n e ,  h i s  proprscci s o l , J t i o n s  wcuid work 
t o  r e s t r i c t  t h i s  power by c o n s t r a i n i n g  t h e  p o p u l a t i o n  o f  t h e  lower 
s o c i a l  g r o u p s  w i t h i n  t h e  c i t y .  The most c o n t r o v e r s i a l  example is h i s  
s u g g e s t i o n  t h a t  c i t y  a d n i n i s t r a t i o n s  shozld d e s i s t  from b u i l d i n g  low- 
c o s t  p u b l i c  housing.  I n  fact ,  i t  i.s s u g g e s t e d  t h a t  s lums s h o u l d  be 
demolished a t  t h e  r a t e  o f  some 5% p e r  annum and n o t  r e p l a c e d  by new low- 
c o s t  houses7. Apart  from t h e  d i r e c t  c o s t s  of c o n s t r u c t i o n ,  t h e s e  
p r o j e c t s  a l s o  have an i n d i r e c t  c o s t - l o a d i n g ,  caused by peop le  who 
a l l e g e d l y  move t o  t h e  c i t y  p r e c i s e l y  because its hous ing  is p e r c e i v e d  t o  
be  a t t rac t ive .  F o r r e s t e r  b e l i e v e s  t h a t  p r e s e n t  laws and a d m i n i s t r a t i o n s  
e n c o w a g e  an " e x c e s s i v e "  i n f l u x  of t h e  poor, w h i l s t  a t  :he same time 
a c c e l e r a t i n g  t h e  exodus o f  the a f f l u e n t .  
"The i n c r e a s e  of c o s t s  as t h e  u i b m  area ages i s  a r e f l e c t i o n  o f  t h e  
s h i f t i n g  b a l a n c e  t h a t  r e s u l t s  f ror ;  laïs and a d m i n i s t r a t i o n  t h a t  pe rmi t  
and  encourage  e x c e s s i v e  immigrat ion of t h e  poor and speed  t h e  e x i t  o f  
t h e  more a f f l u e n t .  As t h e  poor beg in  t o  dominate,  t h e i r  p o l i t i c a l  power 
is f e l t .  T k e i r  s h o r t - t e r m  interests i n c r e a s i n g l y  dominate  t h e i r  own 
long-term welfare and t h a t  o f  t h e  c i ty . "  F o r r e s t e r  (8) 
T h i s ,  h e  a r g u e s ,  is one f a c t o r  i n  s o a r i n g  mun ic ipa l  c o s t s .  Moreover, 
mass ive  f i n a n c i a l  a s s i s t a n c e  t o  meet t h e s e  c o s t s  is h e l d  t o  be 
i n e f f e c t u a l  because  t h e  g o a l s  t o  which such a i d  i s  aimed are though t  t o  
h e  imposs ib l e .  Not o n l y  does  h e  s t a t e  t h a t  much urban p l a n n i n g  f a i l s  t o  
d i s t i n g u i s h  t h e  p o s s i b l e  from t h e  imposs ib l e ,  b u t  he a l s o  s u g g e s t s  t h a t  
t h e  p u r s u i t  o f  u n a c h i e v a b l e  g o a l s  can l e a d  t o  a system s t a t e  from which 
o t h e r  a c h i e v a b l e  g o a l s  ( t h a t  might have been p o s s i b l e )  become 
f o r e c l o s e d 9 .  
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ï h e  main t h r u s t  of 7 o r r e s t e r ' s  a i t e r n a t i v e  p o l i c i e s  aims t c  r e s t o r e  
"economic v i t a l i t y "  t o  s t a g n a t i n g  and d e c l i n i n g  a r e a s .  The foi;:s of t h i s  
e f f o r t  l i e s  i.n the i n t e g r a t e d  of underemployed B lacks  i n t o  mainstream 
economic ac ' ivl ty .  As w e  noted In Chap te r  Three,  F o r r e s t e r  a d v o c a t e s  a 
u n i f i e d  urban  s y s t e m  which is s o c i a l l y ,  economica l ly ,  and r a c i a l l y  
i n t e p a t i o n ;  h e  sees t h e  "ext.rerne c o n c e n t r a t i o n "  of  s o c i a l  and economic 
& r o u p s  as d e t r i o e n t a l  and b e l i e v e s  t h a t  urban r e v i v a l  wculd l-e more 
e a s i l y  ach ieved  w i t h i n  cne i n t e g r a t e d  s y s t e m  t h a n  i n  twc s e p a r z 5 e  and 
p a r a l l e l  s y s t e m .  T h i s  b e l i e f  p r o v i d e s  u s  w i t h  a go33 example of how t h e  
proposed st,ruture o f  sociil r e l a t i o n s  a re  though t  t o  be underpinned by 
t h e  'a p r i o r i ' ,  or n a t u r a l  o r d e r ,  o f  f eedback  systems.  (We w i l l  see t h e  
r e l e v a n c e  of t h i s  when we d i s c u s s  i e g i t i m a t i o n . )  
Two key a s sumpt ions  seem t o  govern t h e  o p e r a t i o n  of F o r r e s t e r ' s  model; 
t h e s e  are  t h e  c o n c e p t s  of  " a t t r a c t i v e n e s s "  and t h e  " u n l i m i t e d  
environment"lO.  F o r r e s t e r  assumes t h a t  c i t i e s  höve a m u l t i p l i c i t y  of 
components r ~ f  a t t r a c t . i v e n e s s  such as hous ing  a sd  j o b s  etc. T h e s e  
de t e rmin -  the r a t e s  o f  immigrat ion and m i g r a t i o n  t o  and from t h e  
s u r r o u n d i n g  environment.  ( I t  is assumed t h a t  peop le  w i l l  move t o  t h e  
most a t t r z r t i v c  i rea ,  w:iethcr i t  is t h e  c i t y  o r  t h e  env i rnnmin t .  F u r t h e r ,  
t h a t  environment is t aken  t o  be l imit less  - i.e. i t  can a b s o r b  as many 
peop le  as p o s s i b l e  who want t o  leave t h e  c i t y ;  and i t  can  a l s o  s u p p l y  an 
i n e x h a u s t i b l e  i n f l u x  o f  peop le  who may wish t o  enter.) 
The t o t a l  a t t r a c t i v e n e s s  o f  t h e  c i t y  i s  f i x e d  so  t h a t  there w i l i  a lways 
be a t r a d e - o f f  in i t s  d i f f e r e n t  a t t r a c t i v e n e s s  components. F o r r e s t e r  
asserts t h a t  urban revival w i l l  cone from m a n i p u l a t i n g  these componects 
w h i l s t  keep ing  t h e  t o t a l  a t t r a c t i v e n e s s  t h e  same. The o n l y  c o n c e i v a b l e  
way f o r  t h e  t o t a l  t o  increase is i f  t h e  whole s u r r o u n d i n g  environment  
increases i n  q u a l i t y .  Any change w i t h i n  t h e  c i t y  effects  an  i n t e r c h a n g e  
w i t h  t h e  environment s u c h  t h a t  some new b a l a n c e  is ob ta ined .  For example, 
i f  t h e  c i t y  a p p e a r s  a t t r a c t i v e  because  it t e m p o r a r i l y  has a s u r p l u s  of 
houning, it w i l l  a t t r a c t  an i n f l u x  from o u t s i d e ;  t h i s  p o p u l a t i o n  change 
lowers t h e  c i t y ' s  hous ing  a t t r a c t i v e n e s s  component and a new b a l a n c e  is 
ach ieved  w i t h  t h e  su r round ings .  
F o r r e s t e r  a s s e r t s  t h a t  urban r e v i v a l  must be  towards a n  e q u i l i b r i u m  
c o n d i t i o n  w i t h  a ' p rope r ly '  ba l anced  mixture  of  s o c i a l  classes and a 
' c o r r e c t '  r a t i o  of  hous ing  l a n d  t o  i n d u s t r i a l  land". He suggests t h a t  
such a balanced c i t y  would s e r v e  a l l  s e c t i o n s  o f  t h e  p o p u l a t i o n  more 
e f f e c t i v e l y .  Also, i t  must be no ted  t h a t  a l t h o u g h  t h e r e  would be a 
h i e r a r c h y  of s o c i a l  classes, t h e s e  would n o t  be r i g i d l y  s e p a r a t e d ,  b u t  
would be i n t e g r a t e d  t o g e t h e r .  
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T h e  proposed p o l i c i e s  do no t  e n v i s z g e  mcre c o e r c i v e  l e g a l  s t r u c t u r e s ,  
and he a l s o  e x p e c t s  less  government encroachment. tie s u g g e s t s  t h a t  t h e  
way forward l i e s  i n  changing t a x  and zon ing  r e g u i a t i g n s  s o  as t o  e n s a r e  
t h a t  s e l f - i n t e r e s t e d  a c t i o n s  by c e r t a i n  s e c t i o n s  o f  tite c i t y  w i l l  l e a d  
t o  renewal12. However, only c e r t a i n  p a r t s  of  tine p o p u l a t i o n  - t h e  more 
a f f l u e n t  niembers o f  t h e  c o m x m i t y  - are s e e n  a s  t h e  b e a r e r s  o f  t h i s  
r e v i v a l .  Anongst t h e n  we f i n d  owners of l a c d  and b u i l e i n g s .  P r e s e n t  
p o l i c i e s  are s a i d  t.o l e a d  t o  s e l f - i n t e r e z t e d  a c t i o n s  which produce 
d e g e n e r a t i o n ,  due 50 t h e  n i g r a t l o n  of t h e  a r f l u e n t  coupled w i t h  
i n d u s t r i a l  and b u i l d i n g  p r a c t i c e s  t h a t  er.coura&c s t a g n a t i o n  and i n h i b i t  
renewal.  
"By s h i f t i n g  t h e  t a x  burden o n t o  t h o s e  who g e c e r a t e  t h e  le,?st mun ic ipa l  
costs, who have  t h e  greatest  m o b i l i t y ,  who need not l i v e  i n  t h e  a g i n g  
s t r u c t u r e s ,  and who have t h e  l eas t  r e a s o n  t o  remain i n  t h e  c i t y ,  t h e  c i t y  
encourages  t h e  d e p a r t u r e  of tne peop le  and i n d l i s t r i e s  msst n e c e s s a r y  f o r  
i ts revival . ' '  Fo i r e s t e i -  (13 )  
Thus t h e  t a x  s t r u c L u r e  is though t  t o  p e n a l i z e  the peop le  a b l e  t o  
c o n t r i b u t e  most t o  t h e  c i t y ,  w h i l s t  a t  t h e  s a n e  time f a v o u r i n g  t h o s e  who 
on ly  g e n e r a t o  c o s t s .  I n  c o n t r a s t  t o  t h i s  s i t u a t i o n ,  i t  i s  argued t h a t  t ax  
r e v e n u e s  shou ld  b e  c l o s e l y  c o r r e l a t e d  w i t h  t h e  g roups  who vote f o r  
mun ic ipa l  e x p e n d i t u r e s .  
"Only if t h e  revenue is h i g h l y  c c r r e l a t e d  w i t h  t h e  peop le  who r e q u i r e  
t h e  e x p e n d i t u r e  w i l l  t h e  c i t y  have a s e l f - r e g u l a t i n g  sys t em which 
g e n e r a t e s  a p o p u l a t i o n  a b l e  t o  s u s t a i n  a h e a l t h y  c i t y  and t o  pay for  t h e  
urban s e r v i c e s  t h e y  r equ i r e . "  F o r r e s t e r  ( 14 )  
F o r r e s t e r  a l s o  a d v o c a t e s  a changed mix o f  i n d u s t r i a l  a c t i v i t i e s ;  he 
f a v o u r s  i n d u s t r i e s  which are l a b o u r - i n t e n s i v e ,  p r o f i t a b l e ,  and pay h i g h  
wages. 
"Such i n d u s t r i e s  s h o u l d  be p e r c e i v e d  as a g r e a t  s e r v i c e  t o  t h e  community 
r a t h e r  t han  as o n e s  t o  be p e n a l i z e d  and s a d d l e d  w i t h  t h e  burden of 
c a r r y i n g  t h e  c o s t  of t h e  urban area they  a l o n e  are a b l e  t o  revive." 
F o r r e s t e r  (15)  
It i s  s i g n i f i c a n t  t h a t  t h e  proposed urban p o l i c i e s  would be more 
c o e r c i v e  towards t h e  lower s o c i a l  g r o u p s  w h i l s t  b e i n g  l a r g e l y  
f a v o u r a b l e  t o  t h e  more a f f l u e n t ;  F o r r e s t e r  a d v o c a t e s  measures which 
would d e t e r  t h e  i n f l u x  of t h e  underemployed b u t  does  n o t  c o n s i d e r  
r e g u l a t i o n s  which would p r e v e n t  t h e  movement of t h e  h i g h e r  s o c i a l  
classes ( o r  o f  c a p i t a l ) .  Rather ,  h e  s e e k s  t o  pe r suade  t h e s e  g r o u p s  t o  
s t a y  i n  t h e  c i t y  th rough  i n c e n t i v e s .  These features  would a p p e a r  t o  
e v i n c e  an e l i t i s t  and h i e r a r c h i c a l  way of t h i n k i n g  - though of c o u r s e  h e  
o e l i e v e s  t h a t  h i s  p r o p o s a l s ,  d e s p i t e  t h e i r  imne6 ia t e  e f f e c t s ,  a r e  f o r  
t h e  long-term b e n e f i t  of a l l .  
" P o l i c i e s  t h a t  l e a d  t o  urban r e v i v a l  w i l l  g i v e  t h e  s u p e r f i c i a l  
appea rance  of  f a v o u r i n g  upper-income g r o u p s  and i n d u s t r y  a t  t h e  expense 
o f  t h e  under-employed." F o r r e s t e r  ( 1 6 )  
We can a l ss  d i s c e r n  e l emen t s  of e l i t i sm i n  h i s  a t t i t u d e  Lowards t a x -  
e x e n i t  i n s t i t u t i o n s .  He argues t h a t  t h e y  shou ld  De judged on t h e  b a s i s  
o f  how t h e y  a f f ec t  the cjLty 's  c o s t  and yevenue ba lance ,  h i s  p o i n t  be ing  
t h a t  ccr ta in  i n s t i t u t i o n s  p u t  a c o s t  l oad  on the c i t y  by a t t r a c t i n g  a 
d i sadvan taged  p o p u l a t i o n  from t h e  o u t s i d e .  I n  such cases h e  a r g u e s  t h a t  
t h e  i n s t i t u t i o n  i n  q u e s t i o g  cou ld  be c o n s i d e r e d  " d e t r i m e n t a l " .  
*#[I]f t h e  i n s t i t u t i o n  a t t r a c t s  a p o p u l a t i o n  t h a t  creates a c o s t  l o a d  on 
t h e  c i t y  and d o e s  n o t  pay its ohm way, tk.c i n s t i t u t i o n  cou ld  be 
c o n s i d e r e d  de t r imen ta l . "  F o r r e s t e r  ( !7 ) 
I n  o r d e r  t o  m a i n t a i n  i ts  e q u i l i b r i u m  F o r r e s t e r  argued t h a t  t h e  urban 
s y s t e m  must  have a s e t  of  p r e s s u r e s  a g a i n s t  which t o  p r e s s .  Peop le  are 
exhor t ed  t o  choose t h e  behav iour  mode t h e y  want  f o r  t h e i r  c i t i e s  and t o  
a c c e p t  t h e  i n e v i t a b l e  (even v i t a l )  p r e s s u r e s  which w i l l  p r e s e r v e  t n a t  
mode. Pressures, i n  o t h e r  words, shou ld  b e  a c t i v e l y  mantained. 
"(A]n u rban  p l a n  t h a t  a s p i r e s  t o  a d i f f e r e n t  e q u i l i b r i u m  t h a n  we now 
have must be f i r m l y  based on a p u b l i c  u n d e r s t a n d i n g  and w i l l i n g n e s s  t o  
l i v e  w i t h  t h e  c o r r e s p o n d i n g  pressures ."  F o r r e s t e r  (18 )  
T h i s  summary o f  t h e  p o l i c i e s  and u rban  s t r u c t u r e  env i saged  i n  urban 
dynamics c l e a r l y  shows t h a t  i t s  e x o t e r i c  r o l e  is n o t  e v e n l y  d i r e c t e d  t o  
a d d r e s s  t h e  g o a l s  and i n t e r e s t s  o f  a l l  sections o f  urban s y s t e m .  T h i s  
p o i n t  w i l l  be f u r t h e r  s u b s t a n t i a t e d  and developed i n  t h e  f o l l o w i n g  
sec t ion .  
5.3 KüOULüDGE -_ AS A CONSeRVAïIVE OR RAûICAL PORCE 
Having examined some of t h e  major c h a r a c t e r i s t i c s  o f  t h e  u rban  s t r u c t u r e  
p u t  forward i n  Urban Dynamics, we are i n  a p o s i t i o n  to  d i s c u s s  how t h a t  
s t r u c t u r e  compares w i t h  e x i s t i n g  urban s t r u c t u r e s ,  s p e c i f i c a l l y  i n  
r e l a t i o n  t o  t h e  interests  o f  t h e  g roups  w i t h i n  it. 
Although F o r r e s t e r ' s  r h e t o r i c  is aimed a t  a l l  s e c t i o n s  of s o c i e t y  h i s  
p o l i c i e s  would have t h e  effect  o f  b e n e f i t t i n g  t h e  a f f l u e n t  w h i l s t  
p e n a l i z i n g  t h e  less f o r t u n a t e .  The i n t e r e s t s  o f  p r i v a t e  e n t e r p r i s e  and 
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l a n d  owners are promoted w i t h  zoning,  t a x ,  a n d  l e g a l  r e g u l a t i o n s  being 
changed i n  t h e i r  favour .  A t  t h e  same time, t h e s e  changes w w l d  s h i f t  ~n 
i n c r e a s e d  burden on to  t h e  poore r  s e c t i o n s  of s o c i e t y .  The urban model 
aims t o  change p r e s e n t  urban s t r u c t u r e s  i n  o r d e r  t o  evo lve  new 
s t r c c t u r e s  w i i c h  would be o rgan ized  i n  acco rdance  w i t h  t h e  dornrnant 
v a l u e s  a n d  i n t e r e s t s  of t h e  a f f l u e n t  classes. 
To t a k e  h u t  one example, l e t  ius c o n s i d e r  t h e  d i f f e r e n t i a l  impact of t trp 
proposed r e v i v a l  p o l i c i e s  on t h e  upper  and lower-income hous ing  
su j sys t ems .  During t h e  f i rs t  55 y e a r s  o f  t h e  r e v i v a l ,  t i e  r a t i o  of t h e  
m a n a - e r i a l - p r o f e s s i o n a l  c l a s s  t o  their  c o i r e s p o n d i n g  hous ing  type  
(premirr i  hous ing )  i n c r e a s e s  by some il$. In c o n t r a s t ,  t h e  r a t i o  o f  % h e  
underemployed t o  t h e i r  hous ing  s t o c k  increases Di some 58%. Or, i n  more 
prec!.se terms, t h e  nunbcr of t h e  manager.ia1-professicnal c l a s s  increases 
from ?¡,i30 t o  108,7CO i r h i l s t  premium hous ing  i r ì c r eanes  from 110,900 t o  
152,833 u n i t s .  The number of unemployed a c t u a i l y  f a l l s  - from 377,303 t o  
335,900 - but. t h e i r  hous ing  s t o c k  f a l l s  - and much more s h a r p l y  - from 
310,iOO t o  175,300 u n i t s 1 9 .  
S o c i e t y ' s  master i n s t i t u t i o n s  such u s  p r i v a t e  p r o p e r t y  remain i n t . a c t  arid 
t h e  measares t o  be adopted fóvour  t k o s e  i n s t i t u t i o n s  a t  t h e  ex;>ense of  
t h e  poore r  groups.  In t h r e e  m u t u a l l y  s u p p o r t i v e  p r o p o s a l s  F o r r e s t e r  
seeks t o  c u r b  t h e  p o l i t i c a l  power of t h e  underemployed. F i r s t l y ,  through 
e d u c a t i o n  he endeavours  t o  assure t h e i r  c o n s e n t  f o r  t h e  t y p e  o f  economic 
r e v i v a l  wh ich  would " i n i t i a l l y "  d i s a d v a n t a g e  them ; second ly ,  he wi shes  
to res t r ic t  t h e i r  numbers by d i r e c t l y  l i m i t i n g  t h e  p r o v i s i o n  of low-cost 
hous ing  w h i l s t  s i o : u l t i n c o u s l y  demol i sh ing  t h e  slums; and t h i r d l y  ( i n  t h e  
last r e s o r t :  he r e s e r v a s  t h e  r i g h t  of t h e  n a t i o n a l  government t o  i g n o r e  
popu la r  s u p p o r t  f o r  w e l f a r e  p o l i c i e s  and impose o p p o s i t e  p o l i c i e s  o f  i ts 
Oh-. 
Yet F o r r e s t e r  d o e s  n o t  u n e q u i v o c a l l y  s u p p o r t  a l l  a f f l u e n t  s e c t i o n s  of 
s o c i e t y ;  we canno t  s imply r educe  h i s  model t o  a mere emblem of ' bourgeo i s  
ideology '  which s i n g u l a r l y  p r o j e c t s  t h e  interests o f  t h e  r i c h .  Indeed, he 
q u e s t i o n s  c e r t a i n  p r o p e r t y  r i g h t s  of landowners ,  which i n  c o n j u n c t i o n  
w i t h  p r e s e n t  t a x  and zoning regJlations, l e a d  t o  urban d e t e r i o r a t i o n .  
Also, i t  must be borne i n  mind t h a t  F o r r e s t e r  e n v i s a g e s  a n  e q u i l i b r i u m  
c o n d i t i o n  f o r  c i t i e s  because  h e  b e l i e v e s  t h a t  growth i s  n o t  i n d e f i n i t e l y  
s u s t a i n a b l e ;  t h i s  i m p l i e s  a change o f  i m p e r a t i v e  fo r  p r i v a t e  e n t e r p r i s e  
whose t r a d i t i o n a l  e t h o s  is growth o r i e n t e d .  
The e d u c a t i o n a l  r o l e  of system dynamics w i l l  be d e a l t  w i t h  i n  S e c t i o n  
5.6. 
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Urban dynamics can be c o n s i d e r e d  t o  h a ? e  a m a l l  :neasi;r- of autonomy, i r i  
t h e  s e n s e  t h a t  a l t h o u g h  he Is commit,c,ed t o  t!ie lo-g-terr. i n t e re s t s  of  
c a p i t a l i s m ,  P o r r e s t e r  is n o t  p rec luded  from making p o l i c y  
r eco rmenda t ions  which n i . sn t  be a d i . ?advan tage  t o  soin.? s e c t i o n s  of  
pr ivate  e n t e r p r i s e .  For examp:?, h i s  a r g u w f i t s  û e n i n s t  l a r g e - s c a l e  
t r z n s p o r t a t i o n  ne tworks  would mda2t ted:y r u n  m u n t e ?  t o  t h e  i n t e r e s t s  
of  s o m  b u i l d i n g  c o n t r a c t o r s 2 0 .  F u r t h e r ,  his nodel  i s  r e  de tached  than  
t h o ? e  v i e w s  w h i c h  see u rban  prcùlems s o l e l y  as ? a t a r a l  outcome of  c i t y  
l i f e z ’ ;  he i n s i s t s  t h a t  problems a r e  due t o  ‘5:3,: . i ternaï ; ? r a c t i e e s  (we 
w i l l  r e t u r n  t o  t h i s  poi.nt i n  the s e c t i o n  on leg1Lin:citiü:;j. T h i s  d e g r e e  
of autonomy i s  something which  has been ignored  by t h o s e  c r i t i c s  who 
have sought t o  r educe  s y s t e n  dynamics t o  a n e r e  r e f l e c t i o n  oC c a p i t a l i s t  
i n t e r e s t s .  
3n  ba!anz.; however, the  urban mdel r e a a i n s  t i e d  t o  t h e  i n t e r e s t s  of t h e  
more a f f l u e n t  classes, f o r  i t  does  not c h a l l e n g e  s o c i e t y ‘ s  dominant 
i n s t i t u t i o n s .  F o r r e s t e r  is a r g u i n g  f o r  an urban s t r u c t u r e  o r g a n i z e d  i n  
t h e i r  i r terests  and which h?ou1.:! e f f w t i v e l y  p i n a l i z e  lower-income 
g r o u ? s  i n  o r d e r  t o  s e c u r e  those interests  - t h i g h ,  of c o u r s e  he 
m a i n t u i n s  t h a t  h i s  p o l i c i e s  wo,.Ald b e n e f i t  n l l  s e c t i o n s  ~f t h e  c o m u n i t y  
i n  t h e  l o n g  run. 
So f a r  t h e  d i s c u s s i o n  i n  t h i s  s e c t i o n  has focusse:! upon t h e  r o l e  of t h e  
urban model i n  t h e o r e t i c a l  terms. However, i f  we c o n s i d e r  t h e  more 
p r a c t i c a l  p o l i t i c a l  a s p e c t s  o f  tke i:rban model we can suggest several 
p o s s i b l e  ways i n  which i t  c m l d  be used t o  promote s e c t i o n a l  i n t e r e s t s .  
For example, t h e  model cou ld  be s e e n  as a means o f  j u s t i f y i n g  s p e c i f i c  
p o l i c i e s  t h a t  have a l r e a d y  been decicded; i t  nay th’!s merely serve t o  
p r o v i d e  a veneer  of t e r h n o l c g i c a l  l e g i t i m a c y  for t h e  v e s t e 3  i n t e r e s t s  
t h a t  l i e  behind a p a r t i c u l a r  set of p o l i c i e s .  
Some a c t o r ,  f o r  example a p o l i t i c i a n ,  may use  knowledge ( i n  t h i s  case t h e  
u rban  model) i n  o r d e r  t o  argue f o r  a p a r t i c u l a r  s o c i a l  p o l i c y .  I n  such  a 
case knowledge s e r v e s  a p u r e l y  i n s t r u m e n t a l  f d n c t i o n ,  i n  t h a t  i t  is 
employed by t h e  a c t o r  f o r  h i s  or h e r  own ends. There h a s  in fact  been 
some s p e c u l a t i v e  d i s c u s s i o n  s u g g e s t i n g  t h a t  Urban Dynamics can be 
c o n s i d e r e d  i n  t h i s  way - though i t  must  be no ted  t h a t  F o r r e s t e r  d i d  warn 
h i s  r e a d e r s  t h a t  h i s  p o l i c y  recommendations r e q u i r e d  f u r t h e r  s t u d y  and 
t h a t  t h e y  were an open ing  of t h e  t o p i c  r a t h e r  t han  a s e t  of  f i n a l  
conc lus ions .  However, t h i s  d i d  n o t  p r e v e n t  him a p p e a r i n g  b e f o r e  t h e  
N a t i o n a l  Sub-Committee on Urban Growth - suggest ing t h a t  i ts  name be 
changed t o  t h e  Sub-Committee on N a t i o n a l  Equi l ibr iumz2and making 
‘ a u t h o r i t a t i v e ’  s t a t e m e n t s  based upon t h e  u rban  model. I n  r e g a r d  t o  t h e  
i n s t r u m e n t a l  use of t h e  model Greenbe rge r  (e t  a i )  made t h e  f o l l o w i n g  
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comment. 
"A model, masquerading as an o r a c l e ,  may b e  n o t h i n g  more than  a n  a d v o c a t e  
i n  t e c h n o l o g i c a l  gu i se .  An urban model t h a t  assumes p e r i e c t  e q u i l i b r i u m  
may be used by l o c a l  o f f i c i a l s  t o  l e g i t i m i z e  p r e v i o u s l y  planned slum 
c l e a r a n c e  p r o g r a m  d e s p i t e  t h e  f a c t  t h a t  i t s  asssimptiens do n o t  a p p l y  t o  
t h e i r  c i t y . "  ( 2 3 )  
û v e r a l l  though, Greenberger  ( e t  a l )  a p p e a r  t o  unde rp lay  t h e  p o s s i b l e  
i r rpact  of F o r r e s t e r ' s  work. I n  marked c o n t r a s t ,  Averch and Levine - i n  a 
Rand Corpora t ion  Report  - viewed t h e  u r b a n  model as 
" l i k e l y  t o  be i n f l u e n t i a l  i n  Washington and elsewhere.  The t e m p t a t i o n  t o  
s e i z e  upon a n a l y s i s  t h a t  i n d i c a t e s  n o t  much c a n  be done, and t h a t  what 
can be done is more wrong than  r i g h t ,  i s  l i k e l y  t o  be power fu l  a t  a time 
when p u b l i c  o f f i c i a l s  fee l  s t r o n g l y  t h a t  f iscal  and o r g a n i z a t i o n a l  
r e s o u r c e s  are i n  s h o r t  supply." ( 2 4 )  
Whithed a r g u e s  tnat  t h e  p o l i c y  suggestions c o n t a i n e d  i n  Urban Dynamics 
may be u t i l i z e d  by p c o c l e  who wish t o  a v o i d  pub1l.c i nves tmen t  i n  urban 
programs, t h e i r  p o s i t i o n s  being b u t t r e s s e d  by tice s c i e n t i f i c  a u r a  
s u r r o u n d i n g  t h e  computer model. Also, he  i d e n t i f i e s  a c e r t a i n  
convergence between t h e  aims of  t h e  model and v a r i o u s  moves t o  l i m i t  t h e  
immigra t ion  o f  t h e  poor  i n t o  U S .  c i t i e s .  
"For example, t h e r e  h a s  been c o n s i d e r a b l e  d i s c u s s i o n  i n  New York of  
l i m i t i n g  p o p u l a t i o n  inflows...An e a r l y  approach  sugges t ed  by Govenor 
Nelson A. R o c k e f e l l e r ' s  o f f i c e  would mandate t h a t  b i g  c i t y  immigrants 
who canno t  f i n d  or  a f f o r d  adequa te  and s a f e  hous ing  would be  den ied  
welfire b e n e f i t s  and urged t o  r e tu rn  from whence t h e y  came ... Although 
t h e r e  h a s  been l i t t l e  o r  no mention of F o r r e s t e r ' s  Urban Dynamics 
r e s e a r c h  i n  these p o l i c y  d i s c u s s i o n s ,  t h e r e  d o e s  seem t o  be a growing 
feel ing amongst a number o f  urban s c h o l a r s  and p u b l i c  p o l i c y  makers t h a t  
t h e  urban c r i s i s  r e q u i r e s  a l i m i t a t i o n  on underenployed 's  immigra t ion  t o  
large iities." (25) 
Another p o s s i b l e  p e r s p e c t i v e  for  c o n s i d e r i n g  the r o l e  o f  Urban Dynamics 
is c l o s e l y  a l i g n e d  t o  ou r  argument t h a t  F o r r e s t e r ' s  work is a p r o d u c t  of 
s o c i a l  s t r u c t u r e s .  We cannot  J u s t  assume t h a t  an a c t o r  such  as a 
p o l i t i c i a n  is someone e n t i r e l y  independen t  of t h e  knowledge t h e y  u s e  t o  
a u t h e n t i c a t e  t h e i r  p o l i c i e s .  A more complex s i t u a t i o n  arises when t h e  
a c t o r  a c t u a l l y  sees t h e  model a s  a n  a u t h o r i t a t i v e  s o u r c e  of s o c i a l  
p o l i c y ;  t h i s  may be a case i n  which t h e  p o l i t i c i a n  cal ls  upon 
t e c h n o l o g i c a l  e x p e r t i s e  i n  o r d e r  t o  t r y  and s o l v e  t h e i r  u r b a n  problems. 
A p o l i t i c i a n  r e s i d e s  i n  a s o c i a l  s t r u c t u r e  where some means o f  g a i n i n g  
knowledge are c o n s i d e r e d  t o  be more e f f i c a c i o u s  than  o t h e r s .  Thus t h e y  
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t a r e  t o  some e x t e n t  c o n s t r a i n e d  by t h e  sys t ems  gf knowl&e upon which 
they  can leg i t imate ìy  draw. I n  t h i s  case we can c : L c  some firmer 
ev idence  - though admitised1:y c i r c u n s t a n t i a l  - that  <lie , i r han  model h a s  
indeed been used ir! t h i s  way. The p r a ï t i ? a l  imp l rmen la t i an  of urban 
dynamics t o  r e a l  c i t i e s  was a t t empted  i n  a namber of p r o j e c t s  b u t  a p a r t  
from t h e  c i t y  of L c . * e l l ,  most of t h e s e  e f f o r t s  ended i n  f a i l u r e .  
"Most of  t h e s e  a t t e m p t s  d i d  no t  get  o u t s i d e  t h e  classroom. O f  t h a s e  t h a t  
d i d ,  zone...could no t  make t h e  model f i t  t h e  c i ~ t y .  I n  Lowell, where t h i s  
was n o t  a problem ( p a r t l y  because F o r r e s t e -  ar.d h i s  c o l l e a g J e s  were 
d i r e c t l y  i n v o l v e d ) ,  t h e  Urban Dynamics model and t h e  i d e o l o s y  t h a t  
accompanied i t  g o t  a good r e c i p t i o n  a n i  f a i r  l-.earing." Yrccnbcrger e t  a l  
( 2 6 )  
I n  tce c i t y  of  Lowell  t h e  mo,?el was employed as an e d u c a t i o n a l  t o o l  i n  
o r d e r  t o  e x p l o r e  d i f f e r e n t  p o l i c y  a l t e r n a t i v e s .  A l t h m g h  t h e  
po l i cymsker s  t h e r e  claim t h a t  t h s  m 3 e l  was neve r  usecl e i r e c t l y  t o  
f o r r r u l a t e  p o l i c y ,  Greenbe rge r  ( e t  a l )  n o t e  t h a t  - amongst o t h e r  measures  
- S u l l i v a n  ( c i t y  manager and a f r i e n d  o f  C o l l i n s  - one of F o r r e s t e r ' s  
c o l l e a g u e s )  dec ided  t o  - t o p  s a l e s  o f  c i t y  l a n d  for  iow-income p . i b l i c  
kous ing  p r o j e c h .  Greenbe rge r  ( e t  a l  claim that  S u l l i v a n  feared t h a t  
s u r h  hous ing  would a t t r a c t  undereaployed p e r s o n s  t o  t h e  c i t y  - which of  
c o u r s e  i s  e x a i t l y  what F o r r e s t e r  had argued f o r  some time . F u r t h e r ,  we 
shou ld  n o t e  t h a t  F o r r e s t e r ' s  i m p u t a t i o n  of a s t r o n g  l i n k  between hous ing  
a v a i l a b i l i t y  and m i g r a t i o n  is r a t h e r  u n o r t h o d z ;  most s t u d i e s  would 
appea r  t o  have found t h a t  j o b  a v a i l a b i l i t y  i s  a much more i m p o r t a n t  
f a c t o r  i n  m i g r a t i o n  . Thus, S u l l i v a n ' s  p o l i c y  would appea r  t o  be 
unorthodox too - l e n d i n g  f u r t h e r  s u p p o r t  t o  t.he i p s l i c a t i o c  o f  h i s  
d e c i s i o n  w i t h  t h e  r e s u l t s  of Urban Dynamics. 
.. 
We have now d i s c u s s e d  two p o s s i b l e  ways i n  which t h e  urban model might 
be  used i n  real  p o l i c y  s i t u a t i o n s :  i.e. a s  a l e g i t i m a t i n g  i l o a k ,  and as  a 
s o u r c e  of a u t h o r i t a t i v e  knowledge. It  is t h e  second which concerns u s  
more h e r e  because  it p r e s e n t s  t h e  more i n t e r e s t i n g  and complex r o l e  of 
knowledge i n  s o c i e t y .  The urban model is a r e s p o n s e  t o  t h e  u rban  crisis,  
a r e s p o n s e  which s e e k s  t o  s o l v e  t h a t  crisis i n  t h e  in te res t s  of t h e  
dominant i n s t i t u t i o n s  of  s o c i e t y .  The means employed are one of t h e  
dominant t y p e s  of t h i n k i n g  - t e c h n o l o g i c a l  r a t i o n a l i t y  aimed a t  s o c i a l  
e n g i n e e r i n g  - a l l i e d  t o  t h e  h i g h l y  f a s h i o n a b i e  use of computers. 
F u l l  detai1.s o f  t h e  Lowell  P r o j e c t  are c o n t a i n e d  i n  a two-volume set  
( 2 7 ) .  
:.:ynamics m o d e l l e r s  and o t h e r  r e s e a r c h e r s  (28). 
** T h i s  t o p i c  h a s  been t h e  s u b j e c t  of much c o n t r o v e r s y  between t h e  urban 
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, 5.4 KNOULEDCE AS AN EXPLANATORY RESOURCE 
F o r r e s t e r ' s  t h e i r y  of urban sys t ems  i s  d i r e c t e d  towards t h e  c o n t r o l  and 
management of  c i t i e s ;  however, t h i s  is o n l y  one dimension of i t s  
character a s  a s o c i a l  b ind ing  agen t .  Another is i t s  r o l e  as an 
e x p l a n a t o r y  r e s o u r c e ,  a means of t a l k i n g  abou t  c i t i e s  and urban 
problems, and t h e r e b y  n e g o t i a t i n g  s o c i a l  consens ' is  on t h e s e  i s s u e s .  
Urban dynamics p r o v i d e s  a framework w i t h i n  which urban problems may be 
d - scussed ;  i n  d o i n g  so, it o f f e r s  a l anguage  which may weli  a p p e a r  t o  be 
o b j e c t i v e  and va lue - f r ee .  
I n  e x p l a i n i n g  t h e  p r e s e n t  c o n d i t i o n  of c i t i e s ,  urban dynamics t a k e s  a 
p a r t i c u l a r  t h e o r e t i c a l  p o s i t i o n  which c l o s e s  o f f  o t h e r  non-system- 
t h e o r e t i c  e x p l a n a t i o n s .  T h e o r i e s  of c o n t r a d i c t i o n s  and c l a s s  c o n f l i c t s ,  
f o r  example, are excluded from t h e  d i s c u s s i o n .  Ir, a . > d i t i o n ,  i t  d e f i n e s  
o n l y  ce r t a in  g o a l s  as p c s s i b l e ;  o t h e r  g o a l s  are s a i d  t o  be i m p o s s i b l e  o r  
u top ian .  T h i s  t h e o r e t i c a l  c l o s u r e  h a s  i n d i r e c t  s o c i a l  and p o l i t i c a l  
consequences i n  t e r m s  of t h e  r ange  of  urban s t r u c t u r e s  t h a t  are deemed 
t o  be a t t a i n a b l e .  I n  p a r t i c u l a r ,  i t  p a r a l l e l s  Crenson's concep t  o f  t h e  
' f raming and ra is ing '  o f  p o l i t i c a l  i s s u e s .  
" P o l i t i c a l  issues can  c r e a t e  p o l i t i c a l  c c n s c i o u s n e s s .  They a l s o  t end  t o  
shape  o r  res t r ic t  t h a t  cocsc iousness .  P o l i t i c a l  agenda items l i k e  t h e  
e c m o m i c  development i s s u e  do n o t  produce a general expansion i n  t h e  
scope  of  p o l i t i c a l  d i s c u s s i o n ,  b u t  expans ion  o n l y  i n  c e r t a i n  
d i r e c t i o n s . "  Crenson (29 )  
T h u s ,  urban dynamics frames t h e  u rban  q u e s t i o n  i n  a p a r t i c u l a r  way, 
d e f i n i n g  problems i n  a manner t h a t  re la tes  t o  i t s  proposed s o l u t i o n s .  I t  
p r o v i d e s  a 'new' way of  l o o k i n g  a t  t h e  u rban  q u e s t i o n ,  b u t  w h i l s t  
c l a i m i n g  t o  be o b j e c t i v e  i t  restricts t h e  c o n s i d e r a t i o n  o f  o t h e r  
p e r s p e c t i v e s  and t h e r e f o r e  o t h e r  p o s s i b l e  s o l u t i o n s .  Embodying a t h e o r y  
ot' b o t h  urban i n t e r a c t i o n s  and t h e  causes o f  f a i l u r e  o f  p r e v i o u s  urban 
p r o g r a m ,  i t  a l s o  advances  a set of exemplars  c o n c e r n i n g  t h e  f eedback  
p r o p e r t i e s  o f  a l l  systems. These c o n s t i t u t e  t h e  b o u n d a r i e s  w i t h i n  which 
any d i s c u s s i o n  of u rban  problems is t o  be a r t i c u l a t e d .  
I n  a d d i t i o n  t o  t h e  claim t h a t  t h e  urban model c a n  e x p l a i n  t h e  e x i s t e n c e  
and p e r s i s t e n c e  o f  urban problems, it is a l s o  claimed t h a t  i t  e x p l a i n s  
t h e  f a i l u r e  of  p r e v i o u s  urban pr0grams.3~. Again t h e  e x p l a n a t i o n  i s  
r o o t e d  i n  t h e  p r o p e r t i e s  o f  complex f eedback  systems,  p a r t i c u l a r l y  t h e  
p r i n c i p l e  of c o u n t e r i n t u i t i v i t y ,  and no a t t e n t i o n  is g i v e n  t o  t h e  
a l t e r n a t i v e  e x p l a n a t i o n s  which abound i n  t h e  r a t h e r  large urban 
l i t e r a t u r e .  A c o n s i d e r a t i o n  of  some of t h e s e  d i f f e r e n t  e x p l a n a t i o n s  
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r e v e a l s  o t h e r  features  of  urban systems which F o r r e s t e r ' s  t h e o r y  c l o s e s  
o f f .  A b r i e f  r e f e r e n c e  t o  some of these  can  h e l p  t o  r e i n f o r c e  o u r  p i c t u r e  
of h i s  urban t n e o r y  and t h e  urban s t r u c t i i r e s  which h e  w i shes  t o  
c o n s o l i d a t e .  
Cons ide r ing  t h e  c o n c e p t s  which F o r r e s t e r  eschews ra ther  than t h e  ones  he 
i m p l i c i t l y  cr e i < > l i c i t l y  a d o p t s  may seem u n f a i r .  However, we are merely 
f o l l o w i n g  Mannheim's i d e a  t h a t  t h e  absence  of  c o n c e p t s  may i n d i c a t e  a 
w i s h  t o  a v o i d  c c n i n g  t o  terms w i t h  c e r t a i n  phenomena3'. I n  t h e  case of 
F o r r e s t e r ,  we n r e  t o l d  t h a t  he  e x p l i c i t l y  ignored  documentary 
i n f o r m a t i o n  when f o r n u l a t i n g  h i s  urban model and i n s t e a d  r e l i e d  p a r t l y  
on t h e  i n f o r m a t i o n  o f  " p r a c t i c a l  men". 
"Several r e v i e w e r s  o f  t h e  manusc r ip t  c r i t i c i s e d  t h e  absence  of t i es  t o  
t h e  l i t e r a t u r e  on t h e  assumption t h a t  such t i es  must e x i s t  b u t  had n o t  
been r e v e a l e d .  A c t u a l l y  t h e  book comes from a d i f f e r e n t  body of 
knowledge, from t h e  i n s i g h t s  of  t h o s e  who know t h e  ï r b a n  scene first 
hand..." ( 3 2 )  
The p o i n t  h e r e  i s  n o t  t o  c r i t i c i s e  F o r r e s t e r  Secatise he d e l i b e r a t e l y  
avoided t h e  l i t e r a t u r e  b u t  ra ther-  t o  emphasize t h a t  h e  avoided cer ta in  
concep t s ,  of which t h e  i d e a  of  c o n f l i c t s  of i n t e r e s t  is one o f  t h e  most 
no tab le .  L e t  u s  now proceed by b r i e f l y  c o n s i d e r i n g  some a l t e r n a t i v e  
views of t h e  f a i l u r e  o f  urban programs. 
Cans h a s  beer. a major c r i t i c  of  urban programs, p a r t i c u l a r l y  t h e  urban 
renewal  program which was dev i sed  t o  clear slums, relocate t h e i r  
i n h a b i t a n t s  i n  d e c e n t  hc i i s ing ,  s t imilate r e b u i l d i n g ,  and r e v i t a l i z e  
downtown areas of  c i t i e s 3 3 .  I n  c o n t r a s t  t o  t h e  aims o f  t h e  program, Cans 
m a i n t a i n s  t h a t  c l e a r a n c e  of  slums made way f o r  many l u x u r y  hous ing  
developments  and some middle-income p r o j e c t s .  As a result, t h e  p e o p l e  
who were d i s p o s s e s s e d  were u n a h l e  t o  a f f o r d  t h e  c o s t  o r  r e n t s  of t h e  new 
p r o p e r t i e s  and many s imply  moved i n t o  o t h e r  slum areas. T h i s  l e d  t o  
f u r t h e r  d e c l i n e  i n  t h o s e  a r e a s  and i n c r e a s e d  overcrowding t o g e t h e r  w i t h  
t h e  c o n c e n t r a t i o n  of rac ia l  m i n o r i t f . e s  i n t o  g h e t t o e s .  He c i t e s  s t a r t l i n g  
f igures  t o  s u p p o r t  h i s  case. 
" [ Q  1961 s t u d y  of renewal p r o j e c t s  i n  41 c i t i e s  showed t h a t  60 p e r  c e n t  
o f  t h e  d i s p o s s e s s e d  t e n a n t s  were merely r e l o c a t e d  i n  o t h e r  slums..." ( 3 4 )  
He a l s o  c o n t e n d s  t h a t  cer ta in  areas were c l e a r e d  n o t  because t h e y  
c o n t a i n e d  t h e  wors t  slums, b u t  because  t h e y  o f f e r e d  prime si tes f o r  
l u x u r y  developments.  Because p u b l i c  f u n d s  were used t o  u n d e r t a k e  t h e  
c l e a r a n c e  work and t o  make t h e  l a n d  a v a i l a b l e  t o  p r i v a t e  d e v e l o p e r s  a t  a 
reduced c o s t ,  he c o n c l u d e s  t h a t  t h e  low-income p o p u l a t i o n  was i n  effect  
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s u b s i d i s i n g  i t s  own removal F1;rely f o r  t h e  b e n e f i t  of  t i iose i n  a b e t t e r  
f i n a n c i a l  s i t u a t i o n .  F i n a l l y ,  h e  a r g u e s  t h a t  a n o t h e r  f a i l u r e  of t h e  
renewal  program was t h a t  some c i t i e s  s chedu led  clearance p r o j e c t s  j u s t  
t o  c l e a r  away non-white poor  p e o p l e  who were s e e n  as s t a n d i n g  i n  t h e  
p a t h  of t h e  p r o g r e s s  of  p r i v a t e  e n t e r p r i ~ e 3 ~ .  
Other  programs ran i n t o  q u i t e  d i f f e r e n t  problems; i n  p a r t i c u l a r ,  t h e  
housi:ig s u b s i d y  programs have been s u b j e c t  t o  c r i m i n a l  a b u s e  by t h e  
i l l e g a l  t a c t i c s  o f  several groups i n c l u d i n g  banke r s  and s p e c u l a t o r s .  
Mercer a n d  H u l t q u i s t  contend t h a t  t h e  s u b s i d y  p r o g r a m  f a i l e d  t h e  v e r y  
peop le  t h a t  t ney  were des igned  t o  s e r v e  w h i l s t  b e n e f i t t i n g  o t h e r s  who 
were n o t  i n  need. 
‘I [ I ] n v e s t i g a t i o r . s  have r e v e a l e d  s c a n d a l o u s  and o f t e n  c r imina l  a c t i o n s  
t o  which t h e s e  investment schemes contributed.. .as t h e  e x t e n t  o f  t h e  
a b u s e s  became clearer,  t h e  ?iixon a d m i n i s t r a t i o n  suspended much of t h e  
federal hous ing  appa ra tus . ”  Kercer  and H u l t q u i s t  ( 3 6 )  
None of t h e s e  d i f f i c u l t i e s  is mentioned by F o r r e s t e r ,  n o r  are any  of t h e  
o t h e r  f a c t o r s  - such  a s  d i s c r i m i n t i o n  against  Blacks - which c o u l d  be  
c i ted .  Yet, such problems are a p o i n t e r  towards t h e  f a i l u r e  o f  u rban  
programs and a l s o  d i r e c t  a t t e n t i o n  towards cadses of  urban problems t h a t  
l i e  o u t s i d e  t h e  narrow framework adopted by F o r r e s t e r .  He is concerned 
w i t h  t h e  t e c h n i c a l  managemnt and c o n t r o l  o f  urban systems and t h e r e f o r e  
needs a t e c h n i c a l  e x p l a n a t i o n  f o r  t h e  causes o f  urban problems and t h e  
f a i l u r e  o f  p r e v i o u s  programs . H i s  d e n i a l  of c o n t r a r i e t i e s  is of  c o u r s e  
grounded i n  h i s  cosmology, i t s  s ty l e  of  t h i n k i n g  p r e v e n t s  him from 
s e e i n g  t h e  p o s s i b i l i t y  t h a t  s o c i e t y  may be r en t  w i t h  contrar ie t ies ,  
c o n f l i c t s  of i n t e r e s t ,  o r  paradoxes.  Also, h i s  b e l i e f  i n  t h e  oneness  and 
u n i t y  of  t h e  world l e a d s  him t o  i g n o r e  t h e  b a s i s  of  c lass  c o n f l i c t s ;  
a l t h o u g h  h e  a d m i t s  t h a t  g o a l  c o n f l i c t s  e x i s t ,  he sees them as due t o  
s h o r t s i g h t e d  in te res t s  which shou ld  be s u b o r d i n a t e d  t o  t h e  ‘ t r u e ’  common 
interests  o f  t h e  u rban  system. 
Because h i s  l e v e l  o f  e x p l a n a t i o n  is p i t c h e d  a t  t h e  l e v e l  of t h e  c i t y ,  i t  
f a i l s  t o  c o n s i d e r  t h e  n a t u r e  of t h e  l i n k s  between t h e  c i t y  and t h e  rest 
of  s o c i e t y .  C o n s i s t e n t  w i t h  its t h e o r e t i c a l  c l o s u r e ,  we migh t  also 
u s e f u l l y  n o t e  t h a t  t h e  t h e o r y  p r e c l u d e s  even a c o n s i d e r a t i o n  of t h e  
p o s s i b i l i t y  t h a t  urban problems may be g e n e r a t e d  i n  t h e  wide r  s o c i e t a l  
We have a l s o  mentioned t h a t  F o r r e s t e r  h a s  a moral  c o n c e p t i o n  of cer ta in  
problems; t h i s  s h i f t s  r e s p o n s i b i l i t y  f o r  s o c i a l  problems o n t o  
i n d i v i d u a l s ,  b u t  i n  s o  fa r  as these f a i l i n g s  are seen as a r e s u l t  of t h e  
breakdown of t h e  s o c i a l  system’s moral t r a i n i n g  schemes, h i s  c o n c e p t i o n  
is still c o m p a t i b l e  w i t h  a s y s t e m s - t h e o r e t i c  framework. 
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system; f o r  example, by con t r ad ic t ions  w i t h i n  t h e  c a p i t a l i s t  system 
i tself .  
T h i s  argument has been developed by Castells37who has sought t o  examine 
urban c r i s e s  wi th in  t h e  context  of the  wider c r i s e s  of c a p i t a l i s t  
s o c i e t i e s .  Cent ra l  t o  t h i s  l i n e  of argument is t h e  con t r ad ic t ion  between 
the  p r i v a t i z a t i o n  of p r o f i t s  and t h e  s o c i a l i s a t i o n  of cos ts .  Fo r re s t e r  
s e e s  economic a c t i v i t y  as an almost independent sphere of social  r e a l i t y  
and does not  cons ider  t h e  argument t h a t  the  s t a t e ,  o r  l o c a l  government, 
pay part of t h e  c o s t  of  reproducing labour  power. 
"En te rp r i se  of the  r igh t  kind c o s t s  t h e  c i t y  very l i t t l e  by i t s  
presence. It p o l i c e s  i ts  own i n t e r n a l  land area. It buys water and o the r  
u t i l i t i es . . . i t  demands l i t t l e  of f i r e  departments. Indus t ry  of i t s e l f  
does not  r e q u i r e  schools..." F o r r e s t e r  (38)  
The s o c i a l i s a t i o n  of c o s t s  is r e f l e c t e d  i n  schooling, housing, medical 
provis ion  and t r a n s p o r t  systems etc. I n  e f f e c t  it s u b s i d i s e s  the  c o s t s  
of product ion and y e t  t h e  p r o f i t s  of t h a t  product ion are pr iva t ized .  
These i s s u e s  defy a crude reduct ion t o  t h e  s t r u c t u r e  of system dynamics 
models for they cannot produce s e r i o u s  pa t te rned  c o n c l i c t s  or 
c o n t r a r i e t i e s  of t h i s  s o r t .  As well as denying t h e  p o s s i b l e  importance 
of c o n f l i c t s  and con t r ad ic t ions  in t h e  explana t ion  of  urban crises they 
are a l s o  denied any relevance in social  l i f e  in general. As an 
explana tory  device t h e  urban model t h e r e f o r e  upholds t h e  leg i t imacy of 
t h e  present  s o c i a l  o rder  and i n s t i t u t i o n s .  Urban dynamics reflects t h e  
u n i t y  of t h e  c i t y ,  an imaginary u n i t y  which i t  c o n s t i t u t e s  within t h e  
sphere  of a b s t r a c t  knowledge. 
In t h e  next  section we w i l l  d i scuss  t h e  legi t imizing nature of t he  urban 
dynamics model in g r e a t e r  d e t a i l  and argue t h a t  t echnologica l  
r a t i o n a l i t y  is by no means an exhaus t ive  d e s c r i p t i o n  o f  its  perceived 
legi t imacy.  
5.5 LEGITIIIILTIOR 
It is contended t h a t  a model may se rve  t o  p r o j e c t  and l e g i t i m a t e  
s p e c i f i c  s o c i a l  s t r u c t u r e s ,  and t o  do so in c h a r a c t e r i s t i c  way 
determined by t h e  worldview and cosmology i m p l i c i t  wi th in  it. The 
worldview of the  person who creates t h e  model governs t h e  form in which 
i t  t a k e s  shape; t h e  form may be, f o r  example, ve rba l  o r  mathematical. If 
someone bu i lds  a computer model is is because in t h e i r  worldview such a 
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t a s k  is deemed t o  be a v a l i d  w a y  of e x p l o r i n g  s o c i a l  p o l i c y .  A t  t h e  same 
time. t h e  ve ry  u t i l i s a t i o n  o f  t e c h n o l o g i c a l  r e s o u r c e s  can s e r v e  t o  
p r o v i d e  j u s t i f i c a t i o n  f o r  t h e  model i n  t h e  e y e s  of o t h e r  o b s e r v e r s .  Thus 
t h e  .- form of a model may e x p r e s s  one l a y e r  of  l e g i t i m a t i o n ;  o t h e r  l a y e r s  
w i l l  Se governed by d i f f e r e n t  a s p e c t s  of t h e  model ler ' s  worldview. 
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The fac t  t h a t  some peop le  a s s o c i a t e d  F o r r e s t e r  and  h i s  urban model w i t h  
s c i e n c e  and te.:hnology se rved  a s  a f'orm of legitir%zt,ion f o r  h i s  work, 
and t h e r e f o r e  f o r  t h e  p o l i c i e s  which he advocated. However, t h e  
l e g i t i m i z i n g  r e s o u r c e s  Qf t h e  s c i e n t i f i c  a u r a  which surrounded t h e  
urban p r o j e c t  are n o t  t h e  0 r . l y  s o u r c e s  of  j u s t i f i c a t i o n  t h a t  we may 
d i s c e r n ;  t h e y  arc pe rhaps  o n l y  t h e  a o s t  e x p l i c i t  a s p e c t s  of l e g i t i m a t i o n  
t h a t  shrouded F o r r e s t e r ' s  work. To expose o t h e r s  we w i l l  a g a i n  have t o  
c o n s i d e r  t h e  cosmology rif systeai  dynaniics. 
I n  Chapter  Fo'xr, we argued t h a t  cosmolog ies  c a r r i e d  some baggage of 
i m p l i c i t  as,u=?t'cns c o n r e r n i n g  t h e  n a t u r e  of  can a n d  t h e  cosmos; t h e s e  
a s sumpt ions  p r o v i d e  t h e  u l t i m a t e  j u s t i f i c a t i o n ,  t h e  fundamental  
l e g i t i m a t i o n ,  f o r  t h e  cosrnolcgy. I n  any d i s c u s s i o n  abou t  s o c i a l  r e a l i t y  
such a s sumpt ions  w i l l  govern t;ie form i n  which t h e  arguments are 
couched. T h i s  may be s o  even i n  t h e  case of fo rma l  modelling. 
Each cosmolog ica l  t y p e  is c h a r a c t e r i s e d  by a set of  a s sumpt ions  which 
remain i m p l i c i t  because  they  are s e l f - e v i d e n t .  'Comon sense' d i c t a t e s  
t h a t  t h i n g s  cou ld  n o t  be any o t h e r  way; t h e  a s sumpt ions  e n c a p s u l a t e  t h e  
l o g i c a l  o r d e r  o f  t h i n g s .  I n  a c t u a l i t y  t h i s  l o g i c a l  o r d e r  is r e a l l y  a 
p roduc t  of s o c i a l  r e l a t i o n s ,  o f  t h e  e x p e r i e n c e s  t h a t  c o n f r o n t  each 
pe r son  i n  h i s  o r  h e r  i n t e r a c t i o n s  w i t h i n  a p a r t i c u l a r  s o c i a l  
e n v i  ronrnen t. 
I t  i s  Douglas' c o n t e n t i o n  t h a t  peop le  u s e  c o n c e p t s  of n a t u r e  i n  o r d e r  t o  
legitimate t h e i r  s o c i a l  i n s t i t u t i o n s ;  n a t u r e  is seen a s  a r e s o u r c e  for 
t a l k i n g  abou t  s o c i e t y .  I n  grounding t h e i r  j u s t i f i c a t i o n s  f o r  the 
dominant s o c i a l  r e l a t i o n s h i p s  w i t h i n  t h e  c o n t e x t  of t h e  g rand  meaning of 
n a t u r e  and t h e  cosmos, p e o p l e  l e g i t i m a t e  t h e  p r e v a i l i n g  s o c i a l  o r d e r .  
Nature is t h e  f i n a l  a r b i t e r  of what is r i g h t  and what is wrong, what is 
d e v i a n t  and what is n a t u r a l .  
I n  u s i n g  n a t u r e  as a s o u r c e  o f  l e g i t i m a t i o n ,  peop le  a c t u a l l y  make 
statements a b o u t  t h e  c h a r a c t e r i s t i c s  or 'a p r i o r i '  o f  t h e  n a t u r a l  o r d e r .  
The s t r u c t u r e  of a s sumpt ions  unde rp inn ing  t h e s e  statements i s  of course 
p r e d i c a t e d  upon t h e  s t r u c t u r e  o f  s o c i a l  e x p e r i e n c e s  t h a t  c h a r a c t e r i s e  
t h e  given s o c i a l  c o n t e x t .  We have p r e v i o u s l y  argued t h a t  t h e  p a t t e r n s  of 
c l a s s i f i c a t i o n  employed t o  t h e  d e s c r i b e  t h e  n a t u r a l  world may be based 
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upon those of t h e  s o c i a l  world; w e  can now add to t h a t  a s s e r t i o n  by 
contending t h a t  t he  l o g i c a l  o r  causa l  order  of the  na tu ra l  world i s  a 
r e f l e c t i o n  of t h a t  i m p l i c i t  i n  t he  se l f -ev ident  assumptions i n  which 
cosmologies are grounded. 
"I f e e l  we should t r y  t o  i n s e r t  between the  psychology of t he  ind iv idua l  
and t h e  publ ic  use of language, a dimension of s o c i a l  behaviour. In t h i s  
dimension l o g i c a l  r e l a t i o n s  a l s o  a p p l y .  T h i s  is the  nub of my 
cont r ibu t ion  t o  how i n t u i t i o n s  of self-evidence are formed. Persons a r e  
included i n  or excluded from a given c l a s s ,  c l a s s e s  a r e  ranked, p a r t s  a r e  
r e l a t e d  t o  wholes. It is argued here  t h a t  t h e  i n t u i t i o n  of the  l o g i c  of 
t hese  s o c i a l  experiences i s  t h e  b a s i s  f o r  f i nù ing  the  a p r i o r i  i n  
na ture  ... Apprehending a general  p a t t e r n  of what is r i g h t  and necessary in 
s o c i a l  r e l a t i o n s  is the  bas i s  of soc ie ty ;  t h i s  apprehension genera tes  
whatever a p r i o r i  or set of necessary causes  is going t o  be found i n  
nature.'' Douglas (39) 
In descr ib ing  t h e i r  s o c i a l  environment people genera te  a set of 
hypotheses, seemingly va l ida ted  because they are seen t o  be 'na tura l  
laws',which se rve  t o  l e g i t i m a t e  it, t o  endow it w i t h  meaning and make it 
reasonable  i n  t he i r  eyes. The set of hypotheses w i l l  be commensurate 
wi th  the  dominant cosmology and i n t e r e s t s  wi th in  soc ie ty ;  they w i l l  
preclude ( t h e o r e t i c a l l y  c l o s e  o f f )  o the r  hypotheses which are rooted i n  
a l t e r n a t i v e  cosmologies and which would be considered as a threa t .  
A l t e rna t ive  hypotheses would appear a s  anomalies which could 
conceivably threa ten  ma te r i a l  i n t e r e s t s ,  but  would a l s o  th rea t en  t o  
undermine cogn i t ive  secur i ty .  They would be denounced as utopian, 
impossible,  or - most e f f i cac ious ly  - 'unnatural ' .  Thus, t he  r o o t s  of 
l eg i t ima t ion  go deeper than t h e  quest ion of what is n a t u r a l  and what is 
not,  f o r  t he  hypotheses which desc r ibe  the  cosmos share  a p a t t e r n  of 
assumptions t h a t  a c t u a l l y  r e f l e c t  the very self-evidence of t he  s o c i a l  
environment. In other  words, t he  'coding' of t he  hypotheses matches the  
'coding' i m p l i c i t  in the p reva i l i ng  order  of s o c i a l  r e l a t ions .  Therefore, 
people do not see  them as l e g i t i m a t e  j u s t  because they say  what is 
natural ,  but because they a l s o  match t h e i r  own i n t u i t i o n .  Given t h i s  
t h e o r e t i c a l  basis, l e t  us now apply i t  t o  Forres te r ' s  urban theory. 
A close examination of  Forres te r ' s  work on urban systems r evea l s  s eve ra l  
l a y e r s  of leg i t imat ion .  A t  one l eve l ,  we have t h e  use of e s o t e r i c  
computer s imulat ion techniques, t h e  'mysterious' complexi t ies  of 
c o u n t e r i n t u i t i v e  feedback systems, and the  t echnoc ra t i c  promise of 
s o c i a l  engineer ing - not of t he  piecemeal v a r i e t y ,  but large scale 
c o n t r o l  of s o c i a l  systems. A t  another  l e v e l  we have r e v e l a t i o n s  about 
t h e  order  or  a p r i o r i  of t h e  s o c i a l  and n a t u r a l  worlds; t hese  are 
a s s e r t i o n s  about what is poss ib le  and what is utopian in soc ie ty ,  and 
are grounded in terma of what is natural. 
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For res t e r ' s  thought d i s p l a y s  a tens ion  between these  l eve l s ;  he eschews 
t h e  extreme optimism of those  technologica l  r a t i o n a l i s t s  who have 
contended t h a t  the  only problems i n  advanced c a p i t a l i s t  s o c i e t i e s  a r e  
t e c h n i c a l  ones; a t  t h e  same time he does not  reduce the  causes  of urban 
problems t o  purely n a t u r a l  ones. The la t ter  pos i t i on  would view urban 
problems as the  i n e v i t a b l e  outcome of n a t u r a l  laws; ins tead ,  he 
main ta ins  a pos i t i on  between these  extremes. 
We a r e  t o l d  t h a t  urban a r e a s  have a c h a r a c t e r i s t i c  l i f e - c y c l e  and 
evolu t ion ,  w i t h  ageing and d e t e r i o r a t i o n  as n a t u r a l  features; s t agna t ion  
and decay are seen a s  episodes i n  t h e  cyc le  of t h e  occupation of land. 
F u r t h e r :  
"The n a t u r a l  condi t ion  of t h e  aging c i t y  tends  toward too much housing 
and too few jobs f o r  t h e  underemployed population." Forrester (40 )  
"Urban d i f f i c u l t i e s  a r e  not  a matter of l o c a t i o n  so much as a phase i n  
t h e  normal l i f e  c y c l e  of occupied land." F o r r e s t e r  (41)  
For res t e r ' s  argument is t h a t  t hese  "na tura l"  condi t ions  are encouraged 
by present  tax and zoning p rac t i ces ;  conversely,  oppos i te  p r a c t i c e s  can 
r e v e r s e  dec l ine  and l ead  t o  a new and b e t t e r  equi l ibr ium condi t ion.  He 
sees t h e  cyc le  of growth-equilibrium-stagnation as a highly s tab le  mode 
of behaviour. 
"It does  not  within i tsel f  conta in  natural or  psychological  processes  
t h a t  w i l l  s h i f t  t h e  mode t o  one of revival." F o r r e s t e r  (42)  
F o r r e s t e r  regards  t h e  c i t y  as an "organic  l i v i n g  complex", i t s  
"evolution" i s  not  seen a s  t h e  i n t e n t i o n a l  p lan  of des igners ,  but  as the  
outcome of a " s e l f - d i r e c t i n g  system" which people have set i n  motion. 
Although he does not  be l i eve  t h a t  urban problems are e t e r n a l  or 
n a t u r a l l y  f ixed p r o p e r t i e s  of urban systems, h e  does seem to view c i t i e s  
as though they were na tu ra l  products  i n  t h e  occupation of geographical  
space. Such a view re sona te s  with what Castells has descr ibed as t h e  
urban ideology. 
"The urban ideology i s  t h a t  s p e c i f i c  ideology t h a t  sees the  modes and 
forms of s o c i a l  o rganiza t ion  as c h a r a c t e r i s t i c  of a phase of t h e  
evolu t ion  of soc ie ty ,  c l o s e l y  l inked  t o  t h e  technico-natural  condi t ions  
of human ex i s t ence  and, u l t ima te ly  t o  its environment." Castells (43)  
I n  see ing  urban systems as something n a t u r a l ,  people do not  s ee  t h e  
c o n f l i c t s  of i n t e r e s t  which a r e  i n c i p i e n t  t o  t h e i r  development. Given 
such a view, problems come t o  be seen as e i ther  n a t u r a l  i n e v i t a b i l i t i e s ,  
o r  a s  a b e r r a t i o n s ,  r a t h e r  t h a n  as i n d i g e n o u s  p r o p e r t i e s  of  c e r t a i n  t y p e s  
of s o c i a l  o r g a n i z a t i o n .  T h i s  is a l z o  t,he case with F o r r e s t e r :  h e  a r g u e s  
t h a t  c i t i e s  age, b u t  t h a t  t.he problems a s s o c i a t e d  ' x i t h  azeing a r e  d u e  t o  
i n t e r n a l  2 r a c t i c e s  - i n  o t h e r  words, t,hey w e  a b e r r a t i o n s  which may b e  
?ernedied by a d m i n i s t r a t i v e  changes.  
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"By a c c e p t i n g  d d  s t r u c t : i r e s  and tiieir consequences as a c o n d i t i o n  of  
n a t x e  r a t h e r  than a s  r e f l e c t i o n s  of t h e  lega: and t a x  structdre peop le  
f a l l  t o  see :he t r u e  causes of urban dei!ine." F o r r e s t e r  (U¡) 
The p a t h  from d e c l i n e  t o  r e v i v a i  is t h o u g h t  t o  l i e  i n  s o c i a l  managenient 
and c o n t r 3 i .  S a t ,  t he rc  a r e  l i a i t s  as t o  what can  be don- - as r e v e a l e d  
i n  t h e  n o t i o n  cf n a t u r a l  2nd u n n a t w a l  goals. D i n c u s s i n g  o u t s i d e  h e l p  
f o r  t h e  c i t y ,  F o r r e s t e r  arz'ies t h a t  i t  canno t  be s u s t a i w d  i n d e f i n i t e l y  
i f  t h e  e f f o r t  i s  aimed a t  an " u n n a t u r a l "  g o a l  t h a t  t h e  c i t y  canno t  
maintairi i t s e l f .  F r t h e r ,  t h e  i d e a  t h a t  a l l  s u s t a i n a b l e  s y s t e a  modes 
r e q u i r e  p r e s s u r e s  r e c u r s  t h roughou t  h i s  d i s c u s s i o n  c f  urban systems. 
"We m i i s t  - o n t e a p l a t e  r e a l i . s t i c  urban g o a l s  t h a t  i n c l u d e  n e g a t i v e  f o r c e s  
pouerPu1 enough t3  l i m i t  p o p u l a t i o n  a n d  p o p u l a t i o n  .density.  These might 
be ensembles  of p o l i c i e s  t h a t  can m a i n t a i n  h i g h  prices r3f l a n d  and 
r e n t s ,  o r  a hous ing  s h o r t a g e ,  o r  a 235 s h o r t a g e  ( t h a t  is t h e  u n f o r t u n a t e  
c o n t r o l  i n  p r e s e n t  g h e t t o  areas),  o r  l i m i t e d  t r a n s p o r t a t i o n ,  o r  l i m i t e d  
l a n d  area t h a t  d o e s  n o t  c o m u n i c a t e  w i t h  o t h e r  areas, or zon ing  t o  
c o n t r o l  d e n s i t y ,  or a bad a r r a y  of  ' q u a l i t y - o f - l i f e '  cond i t ions . "  
F o r r e s t  er  ( 45) 
T h i s  is t h e  p o i n t  where we see t h a t  negat ive a s p e c t s  o f  t h e  world become 
i n t e g r a t e d  (and t h e r e b y  j u s t i f i e d )  i n t o  t h e  system d y n a m i c i s t s '  
cosmolog ica l  scheme, t h u s  beconing p r e s s u r e s  which have t o  be  a c c e p t e d  
and even maintained.  
We can a l s o  d i s c e r n  some o t h e r  l a y e r s  of  l e g i t i m a t i o n .  For example, 
F o r r e s t e r  t a l k s  a b o u t  "misfits" - by which he presumably mems t h o s e  who 
do n o t  match upto  t h e  a c c e p t a b l e  norms o r  g r i d  of r u l e s  i n h e r e i t  i n  h i s  
cosmology46. Such peop le  are t o  be p r e v e n t e d  from e n t e r i n g  t h e  c i t y  
whose ' n a t u r a l '  boundary i s  t o  be p re se rved .  T h i s  boundary r e q u i r e s  a 
ba lanced  m i x t u r e  of s o c i a l  classes ( h i e r a r c h y )  and an e q u i l i b r i u m  w i t h  
t h e  s u r r o u n d i n g  environment;  f u t h e r ,  t h e  boundary is t o  be p r o t e c t e d  
a g a i n s t  t h e  "excess ive"  i n f l u x  of  t h e  unemployed, w i t h  a s h o r t a g e  of  
hous ing  and h igh  r e n t s  as p o s s i b l e  d e t e r r e n t s .  
If w e  r e f l e c t  upon F o r r e s t e r ' s  t h o u g h t s  on welfare p r o v i s i o n  we can 
f u r t h e r  s e e  t h e  i n f l u e n c e  of boundary maintenance.  
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" I n  t h e  w e l f a r e  s u b s t r u c t u r e  we may f i n d  t h a t  t h e  w e l f a r e  s y s t e m  i s  
c r e a t i n a  t h e  w e l f a r e  c l a s s s s  and  miy d i sco - re r  t h i t  t h e  welfare s y s t e m  i s  
a n  a c t i v e  p a r t  of t h e  socia:  t r a p  t h a t  keeps p e o p l e  from becoming se l f -  i suppor t ing . "  F o r r e s t e r  ( 4 7 )  
F o r r e s t e r  is a s s e r t i n g  tha t  w e l f a r e  c a s e s  a r e  p rodu? t s  or  t h e  w e l f a r e  
s u b s t r u c t u r e  and he wi shes  t3 redraw the  boundary of t h e  s o c i a l  system 
s o  as t o  exc lude  t h e  w e l f a r e  s u b s y s t e m .  I n  s e e k i n g  t o  a l t e r  t h e  sys t em 
boundary, F o m e s t e r  is u p b i d i n g  t h e  legit imacy of a s o c i a l  s t r u c t u r e  
i 
? whose problems are a l l eged  t o  b e  p a r t l y  roo ted  i n  t h e  welfare 
s u b s t r u c t u r e .  ( A s  w e  n o t e t  e a r l i e r ,  o p p o s i t i o n  t3 welfare and t o  'New 
Deal' i d e a s  gene r r l1 .y  have a s t r o n g  t r a d i t i c n  amongst c e r t a i n  secctions 
of American s o c i e t y . ;  Ft i r ther,  if welfare cases a r e  c r e a t e d  i n  t h e  manner 
i n  which he suggests, it, meacs t h a t  o t h e r  c a u s e s  may n o t  e x i s t ;  i t  
i n p l i e s  t h a t  there  is 3 pover ty  t r a p  b u t  n i t  a s o c i a l  s t r u c t u r e  t h a t  
c r e a t e s  p o v e r t y  a m i d s t  a f f l u e n c e .  
j 
I 
t 
I 
b 
We can a l s o  f i n d  s t a t e r e n t s  d i r e c t e d  towards t h e  n a t i o n .  We are t o l d ,  f o r  
example, t h a t  a h e a l t h y  c i t y  as no t  a "drag" on t!ie c o u n t r y  and can  even 
b e n e f i t  t h e  L a t i o n  ds a whole. The  c i t y  m u s t  aiso be i n  e q u i l i b r i u m  in 
terms o f  c o s t s  and revenues;  a&ain t h i s  nay appea r  a3 a statement o f  t h e  
o b v i o u s  t o  many peop le ,  Gut i n  fact  i t  r e s o n a t e s  w i t h  cosmolog ica l  
a s s u m p t i o n s  c o n c e r n i n g  t h e  need for a b a l a n c e  w i t h i n  the  cosmos a t  
large. 
5.6 _I__. ROLE OF SYSTEM D T U M C S  - EXPERTS 
I n  t h i s  s e c t i o n  of t n e  c h a p t e r  our t a s k  is t o  examine t h e  p o s s i b l e  wider  
r o l e  t h a t  system dynamics might p l a y  i n  s o c i e t y .  Given t h e  s t r u c t u r e  and 
c h a r a c t e r i s t i c s  of  sys t em dynamics we c a n  c o n s i d e r  t h e  p o t e n t i a l  s o c i a l  
and p o l i t i c a l  i m p l i c a t i o n s  of t h e  r o l e  of  t h e  e x p e r t s  who would 
unde r s t and ,  p r a c t i s e ,  and implement t h a t  knowledge. It is contended t h a t  
i n  a c c o r d a n c e  w i t h  o u r  model which p o s i t s  knowledge as a s o c i a l  b i n d i n g  
agent, sys t em dynamics c o n t a i n s  p o l i c y  i m p l i c a t i o n s  - which amongst 
o t h e r  t h i n g s  - p r e s c r i b e s  r o l e s  f o r  sys t em d y n a m i c i s t s  i n  t h e i r  
i n t e r a c t i o n  w i t h  p o l i t i c i a n s  and l aypeop le .  The need t o  examine t h e i r  
p o t e n t i a l  p l a c e  i n  s o c i e t y  i s  n o t  due merely t o  t h e  claims which 
F o r r e s t e r  i n  p a r t i c u l a r  has made, b u t ,  more i m p o r t a n t l y ,  t o  t h e  n a t u r e  of 
t h e  b e l i e f  system t h a t  system dynamics r e p r e s e n t s .  What we are l o o k i n g  
f o r  is a congruence  between t h e  s t r u c t u r e  of system dynamics and t h e  
s t r u c t u r e  o f  r e l a t i o n s h i p s  through which i t  would be p r a c t i s e d  o r  
t a u g h t .  Such a congruence would mean t h a t  ?he  c o n s t r a i n t s  of t h i s  
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knowledge s y s t e m  cou ld  weil  be t r a n s l a t e d  int,o s o c i s l  ramifications. 
More s p e c i f i c a l l y ,  we a re  i n t e r e s t e d  i n  how t h e  l a b o r a t o r y  - i n  t h i s  
case t h e  System Dynamics Labora to ry  - can  become extended,  o u t  i n t o  t h e  
world where p a r t i c u l a r  problems a r e  t o  be s o l u e d ,  and can tk.;oreby modify 
s o c i a l  r e I a t i o n s h i p s  i n  (doing so. 
It  is rontended t h a t  as a s y s t e m  of knowledge, system dynamics e n t a i l s  
f e a t i i r e s  which somejihzt d i s t a n c e  it from t e c h n i q u e s  such a s  s t a t i s t i c a l  
or o t h e r  t y p e s  of c o n p s t e r  modeling. Generail:?, s u c h  t e c h n i q u e s  canno t  
make v a l u e  c h o i c e s  w i t h i n  t h e  t h e o r e t i c a l  terms of t h e  methods 
themselves;  i n  c o n t r a s t ,  system d y n a a i c s  a c t u a l l y  s e e k s  t o  make 
o b j e c t i v e  s t a t e m e n t 2  a b w t  va lues .  F o r r e s t e r  c l a i m s  t h a t  s y s t e m  dynamics 
r e v e a l s  z o n s t r a i n t s  upon c u r  c h o i c e  o f  v a l u e  s t r u c t u r e s  if s o c i a l  
sys t ems  are n o t  t o  c o l l a p s e ;  i t  i s  more a k i n  t o  a s o c i a l  t h e o r y  t h a n  a 
t echn ique .  ( O f  c o u r s e  we do n o t  s u g g e s t  t h a t  t e c h n i q u e s  are v a l u e  free,  
or t h a t  t h e y  r re  not used t o  e n f o r c e  v a l u e  c h o i c e s . )  
I n  a d d i t i o n  t o  t h i s  d i f f e r e n c e ,  system dynamics h a s  a t  times been 
promoted by a s s e r t i o n s  t h a t  s e e k  a p r i v i l e g e d  o p i r t e m o i o g i c a l  p o s i t i o n  
f o r  it. These claims are r o o t e d  i n  t h e  o n t o l o g i c a l  primacy which 
feedback sys t ems  are accorded ,  t o g e t h e r  w i t h  t h e  c o n t e n t i o n  t h a t  on ly  
t h e  e x p e r t  use of computers  can r e v e a l  t h e  complex behav iour  of o u r  
s o c i a l  systems. The sys t em d y n e a i c i s t s  are n o t  j u s t  c l a i m i n g  t h a t  sys t em 
dynamics i s  u s e f u l ,  t h e y  see it as v i t a l l y  e s s e n t i a l  f o r  t h e  f u t u r e  o f  
our  s o c i a l  s y s t e m .  System dynamics is b e i n g  d i s s e m i n a t e d  i n  two 
essent ia l  ways; f i r s t l y ,  a t  an e d u c a t i o n a l  l e v e l  i n  s c h o o l s ,  c o l l e g e s  and 
u n i v e r s i t i e s ;  s econd ly ,  i t  is be ing  adop ted  by v a r i o u s  g r o u p s  t o  s o l v e  
p a r t i c u l a r  p r o b l e m .  
I n  t h e  i n t r o d u c t i o n  we r a i s e d  t h e  i d e a  that ,  t h o s e  who 'own' knowledge 
have t h e  a b i l i t y  t o  e x e r c i s e  power; t h e  claims of t h e  system d y n a m i c i s t s  
are i n  tha t  sense i n d i r e c t  claims ï o r  power. I n  d i s c u s s i n g  t h e  c o n t r o l  
and management of  soc i a l  s y s t e m  t h e y  s e e k  to carve o u t  a s p e c i a l  r o l e  
f o r  themse lves  and f o r  system dynamics. T h i s  r o l e  would i n s e r t  them i n t o  
a d i s t i n c t  network of r e l a t i o n s h i p s  w i t h  p o l i t i c i a n s  and t h e  e l e c t o r a t e ;  
it i s  o n l y  t h e y  who c a n  c a r r y  o u t  t h e  s i m u l a t i o n  mode l l ing  and r e v e a l  
t h e  p o s s i S i l i t i e s  o f  s o c i a l  s y s t e m ,  t h e  s u s t a i n a b l e  behav iour  modes and 
t h e  a t t e n d e n t  p r e s s u r e s  and stresses. Thus, system dynamics i s  a 
knowledge r e s o u r c e  by which t h e  sys t em d y n a m i c i s t s  can  create a new 
p a t t e r n  of s o c i a l  r e l a t i o n s  - bctween themse lves ,  p o l i t i c i a n s  and t h e  
e l e c t o r a t e .  It is a l s o  a symbolic  system which can then s e r v e  t o  mediate 
and  r e i n f o r c e  t h a t  p a t t e r n .  
I n  such a s i t u a t i o n  t h e  t r a d i t i o n a l  r o l e  of t h e  p o l i t i c i a n  changes; 
c h o i c e s  are t o  be made conce rn ing  t h e  p o s s i b l e  ensemble of  p r e s s u r e s  
under which peop le  may l i v e ,  b u t  t h e  t a s k  of a s c e r t a i n i n g  what i s  
p o s s i b l e  i s  f o r  t h e  s y s t e m  dynamics e x p e r t  and h i s  computer. Meadows, 
s u g g e s t s  a c e n t r a l  r o l e  f o r  such e x p e r t s ;  i n  d i s c u s s i n g  a p o t e n t i a :  move 
towards urban p r o ? p e r i t y  h e  ma in ta ins :  
"To do s o  requires a C o n c e n t r a t i o n  of  w i l l ,  b o t h  on t h c  p a r t  o f  t h e  c i t y  
r e s i d e n t s  i n  a d o p t i n g  t r a d e - o f f  p o l i c i e s  and n e g a t i v e  c o u n t e r b a l a n c e s ,  
and on t h e  p a r t  o f  o u r  n a t i o n a l  and s t a t e  a d m i n i s t r a t i o n s  and 
p o l i t i c i a n s  i n  a d o p t i n g  p o l i c i e s  which w i l l  f u r t h e r  t h i s  p rocess .  
c e n t r e  of such a p r o c e s s  is t h e  use of dynamic mode l l ing  t e c h n i q u e s  t o  
e v a l u a t e  new programs a n d  suggest ways f o r  improving o l d  ones." (48)  
emphasis added 
I m p l i c i t l y ,  t h e  r o i e  of t h e  p o l i t i c i a n  becomes one of d e l i v e r i n g  p o l i c y  
o p t i o n s  (drawn from system dynamics models) t o  urban r e s i d e n t s .  He or  
s h e  becones more l i k e  a p J b l i c  r e l a t i o n s  o f f i c e r ,  i n f o r m i n g  t h e  
e l e c t o r a t e  ?f what our  s o c i a l  systems w i l l  and w i l l  no t  allow. T h e  
p o l i t i c a l  machinery wsuld be  s t r u c t u r e d  towards t h e  c h o i c e  of  behav iour  
modes, b u t  t h e  c r i t e r i a  by which p o s s i b l e  nodes would be dec ided ,  would 
remain i n  t h e  hands o f  t h e  e x p e r t  and e f f e c t i v e l y  beyond open p o l i t i c a l  
d i s c u s s i o n .  Thus, t h e  problems of  any p a r t i c u l a r  c i t y  are t o  b e  t aken  
ove r  from u r b a n  a d m i n i s t r a t i o n s  and b rough t  i n t o  t h e  System Dynamics 
L a b o r a t o r y  where s o l u t i o n s  can be found. The s o l u t i o n  s e t  1s t hen  t o  be 
handed back t o  t h e  p o l i t i c i a n s  f o r  implementat ion.  
"People  would neve r  a t t e m p t  t o  send a apace  s h i p  t.o t h e  moon w i t h o u t  
f irst  t e s t i n g  t h e  equipment by c o n s t r u c t i n g  p r o t o t y p e  models and by 
computer s i m u l a t i o n  of t h e  a n t i c i p a t e d  s p a c e  t r a j e c t o r i e s  ... Why, t h e n ,  do 
we n o t  use t h e  same approach of  making models of  s o c i a l  s y s t e m  and 
c o n d u c t i n g  l a b o r a t o r y  expe r imen t s  on t h o s e  models b e f o r e  we t r y  new laws 
and government programs i n  r e a l  life." F o r r e s t e r  ( 4 9 )  
The i m p o r t a n t  mys t ique  of t h e  l a b o r a t o r y  t r a n s l a t i o n  of ' o u t s i d e '  
problems h a s  a l s o  been d i s c u s s e d  by L a t o u r  i n  h i s  Give Me a Labora to ry  
_I-. and  W i l l  Raise t h e  W0r ld5~and  we can i d e n t i f y  a number o f  p a r a l l e l s  
between h i s  o b s e r v a t i o n s  c o n c e r n i n g  t h e  work o f  Pasteur  and t h e  r o l e  of 
t h e  System Dynamics Labora to ry .  
For example, L a t o u r  a r g u e s  t h a t  Pasteur r e f o r m u l a t e d  t h e  i n t e r e s t s  of 
farmers i n  r e l a t i o n  t o  t h e  problem t h e y  had w i t h  an th rax .  
n [I] f you wish t o  s o l v e  your a n t h r a x  problem you have t o  pasa th rough  3 
l a b o r a t o r y  first.  L i k e  a l l  translations t h e r e  is a real d i sp lacemen t  
th rough  t h e  v a r i o u s  v e r s i o n s .  To g o  s t r a i g h t  a t  a n t h r a x ,  you shou ld  make 
a d e t o u r  th rough  Pasteur's l ab .  The a n t h r a x  d i s e a s e  2 now a t  t h e  Eco le  
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Normale Superieiire." L a t o u r  ( 5 1 )  
S i m i l a r l y  w i t h  system dynamics: turban problems have l e e n  t r a n s l a t e d  i n t o  
a computer model i n  a l a b o r a t o r y  where t.hey can be s i l v e d .  Moreover, j u s t  
as  P a s t e u r ' s  l a b o r a t o r y  f a c i l i t a t e d  t h e  c o n t r o l  of t h e  a n t h r a x  organism 
and its e l i m i n a t i o n  - t h i s  be ing  i m p o s s i b l e  i n  the o u t s i d e  g e n e r a l  
environment  due t o  innumerable  c o n t i n g e n c i e s  - s o  too  t h e  System 
Dynamics L a b o r a t o r y  a l l a w s  experinent .s  s p a n  t h e  s o c i a l  sys t ems  models. 
However, an i m p o r t a n t  d i s t i n c t i o n  h e r e  i3 t h a t  w h i l s t  t h e  a n t h r a x  
organism a c t u a l l y  d i d  come t o  r e s i d e  i n  P a s t e u r ' s  l a b o r a t o r y ,  s y s t e m  
dynamics t r a n s l a t i o n s  are p u r e l y  symbolic.  So t o c ,  t h e r e f o r e ,  a r e  t h e  
.~olii t i o n s ,  t h e  p o l i c y  recommendations. 
F 
The message which F o r r e s t e r  is expcunding is n o t  a s i m p l e  t e c h n o c r a t i c  
one on t h e  l i n e  of " T e l l  ne wha: you want, and I w i l l  d e s i g n  t h e  system 
so a s  t o  y r o v i d e  it"; rather ,  he is s t a t i n g  what. p o s s i b i l i t i e s  e x i s t  and 
what o u r  i n t e re s t s  a r e .  He is inforrrAng us  a b o u t  what we can have i n  
terms o f  q u a l i t y  o f  l i f e  and t h e  range o f  v a l u e s  which may be 
l e g i t i m a t e l y  held.  F u r t h e r ,  t h e s e  c o n s t r a i n t s  are no t  due t o  any  
i n h e r e n t  weaknesses  in sys ten  d y n a c i c s ,  h u t  r a t . h e r  are seen as t h e  real 
c o n s t r a i r , ? s  of  syst.ems themselves .  
I n  Chap te r  Four we d i s c u s s e d  t h e  self-image t h a t  t h e  system d y n a m i c i s t s  
have of  t h o s e  who u n d e r s t a n d  Feedback systems: d i s t i n c t l y  bounded groups 
r e i n f o r c e  t h e i r  own s o c i a l  i d e n t i t y  by promoting t h e i r  ph i lo sophy ,  t h e y  
may see t h e m s e l v e s  a s  s p e c i a l .  
"The approach  is easy t o  unde r s t and  b u t  d i f f i c u l t ,  t o  p r a c t i c e .  Few 
peop le  have t h e  r e q u i r e d  l e v e l  of 3ki l l . ' '  F o r r e s t e r  ( 5 2 )  
F u r t h e r ,  because  system dynamics is t h o u g h t  t o  have a u n i v e r s a l  
v a l i d i t y ,  t h e r e  is a n  i m p l i c a t i o n  t h a t  someone t r a i n e d  i n  t h e  n a t u r e  of 
f eedback  sys t ems  c o u l d  enter  any s u b j e c t  area o r  f i e l d  w i t h o u t  p r i o r  
e x p e r i e n c e  o f  t h e  s u b j e c t  concerned. 
"The same dynamic s t r u c t u r e s  recur w i t h i n  d i f f e r e n t  f i e l d s  2nd i n  t h e  
c o n n e c t i o n s  between f i e l d s .  When a s t r u c t u r e  is unde r s tood  i n  one 
se t t ing ,  it is u n d e r s t c o d  wherever else it may be found ... By creat ing an 
e d u c a t i o n a l  sys t em on a common dynamic founda t ion ,  we can hope t o  
d e v e l o p  a modern 'Renaissance Man' w i t h  a command of u n i v e r s a l  c o n c e p t s  
t h a t  a l l o w s  him t o  move between f i e l d s  i n  a u n i f i e d  framework." 
F o r r e s t e r  ( 5 3 )  
The r e s t r u c t u r i n g  of e d u c a t i o n  t h a t  t h i s  e n v i s a g e s  is o n l y  one o f  t h e  
i m p l i c a t i o n s  of system dynamics. Another is its p o t e n t i a l  f o r  o r g a n i z i n g  
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t h e  p e r c e p t i o n s  of i t s  p r a c t i t i o n e r s .  The t h e o r y  of  urban systems 
p r o v i d e s  a s p e c i f i c  r o l e  f o r  system d y n a m i c i s t s  such t h a t  t h e  ' l o g i c '  o f  
t h e i r  s o c i a l  e x p e r i e n c e s  would match t h e  e s s e n t i a l  'a p r i o r i '  of t h e  
cosmology i m p l i c i t  i n  t h e  theory.  I n  o t h e r  words, urban dynamics d e f i n e s  
t h e  r o l e  of  system d y n a m i c i s t s  i n  urban systems,  t h e i r  j o b  d e s c r i p t i o n  
and, f u r t h e r ,  a c t u a l l y  o r g a n i z e s  t h e  p e r c e p t i o n s  of t h o s e  who adhere t o  
it; t h e y  see themse lves  i n  a p a r t i c u l a r  way and t h e y  see t h e  world around 
them i n  a s p e c i a l  way too.  Thus, w i t h i n  d i f f e r e n t  s o c i a l  environments  - 
whether  t h e  s c h o o l  or t he  p o l i t i c a l  machinery of c i t i es  - sys t em 
dynamics has t h e  p o t e n t i a l  f o r  r e - o r g a n i z i n g  t h o s e  s t r u c t u r e s  i n  
acco rdance  w i t h  i t s  i m p l i c i t  cosmology. 
I n  Kuhnian terms,  t h e  sys t em dynamics paradigm b r i n g s  w i t h  i t  a g e n e r a l  
t h e o r y  o f  feedback sys t ems ,  t o g e t h e r  w i t h  a set of exempla r s ,wh ich  serve 
to o r d e r  t h e  c o g n i t i o n s  of its a d h e r e n t s .  Here a g a i n  we can p o i n t  t o  
p a r a l l e l s  w i t h  La tour ' s  s t u d y  o f  Pas t eu r :  the  s u c c e s s  o f  P a s t e u r ' s  
program depended on t h e  e x t e n s i o n  o f  t h e  l a b o r a t o r y  t o  t h e  farm i n  o r d e r  
t ha t  t h e  farmer's v a c c i n a t i o n  p r o c e d u r e s  c o u l d  be matched t o  those i n  
t he  l a b o r a t o r y .  I n  r e l a t i o n  t o  t h i s  p o i n t ,  we can  n o t e  t h e  d i s s e m i n a t i o n  
of system dynamics as a 'packaged technique' .  Fo r  example, Dynamo - t h e  
computer l a n g u a g e  i n  which system dynamics models are e n c r y p t e d  - is 
wr i t t en  f o r  t h o s e  peop le  who have l i t t l e  or no m a t h e m a t i c a l / p r o g r a m i n g  
e x p e r t i s e 5 4 .  Also, programs are a v a i l a b l e  f o r  check ing  t h e  d imens iona l  
c o n s i s t e n c y  of model e q u a t i o n s  etc., and a number of sys t em dynamics 
t e x t b o o k s  and workbooks are now available. These, coupled w i t h  t h e  non- 
d a t a  dependent  character of system dynamics, s i m i l a r l y  r e p r e s e n t s  t h e  
e x t e n s i o n  of t h e  l a b o r a t o r y  o u t  i n t o  t h e  'real world' where problems are 
t o  be  solved.  They serve t o  s e c u r e  a co r re spondence  between the u s e  of 
system dynamics i n s i d e  the  l a b o r a t o r y  and o u t s i d e  in p o l i c y  and o t h e r  
contexts. 
One of t h e  r o l e s  of sys t em d y n a m i c i s t s  i s  t o  a i d  policy f o r m a t i o n  i n  
u rban  s y s t e m s , a n d  - as we argued earlier - t h e i r  p o l i c i e s  would s e e k  t o  
m a i n t a i n  the o p e r a t i o n  o f  t h o s e  sys t ems  by o r g a n i z i n g  them i n  a s p e c i f i c  
way. To a large e x t e n t  we have seen t h a t  t h i s  o r g a n i z a t i o n  is b u t  a copy, 
or p r o j e c t i o n  of dominant i n t e r e s t s  w i t h i n  p r e s e n t  urban s t r u c t u r e s .  
F o r r e s t e r ' s  urban p o l i c i e s  would c o n s o l i d a t e  an urban s t r u c t u r e  which 
would p r e s e r v e  t h e  s o c i a l  r e l a t i o n s  and t h e  e x p e r i e n t i a l  la p r i o r i '  of 
t h e  social  environment  which gave  rise to  system dynamics a t  the  
ou t se t " .  Wi th in  such a s o c i a l  s t r u c t u r e  t h e  e x p e r t ' s  p e r c e p t i o n s  would 
be  c o n s i s t e n t  w i t h  the  t h e o r y  of  urban systems,  and t h e  p e r c e p t i o n  of 
t h e  urban r e s i d e n t s  would be such as t o  make t h e  p o l i c i e s  a p p e a r  self-  
...................................................................... " 
This  of  c o u r s e  was d i s c u s s e d  i n  Chap te r  Four. 
evident .  
The p r a c t i c a l  implementation of  urban dynamics would change urban 
s t r u c t u r e s  i n  such a way a s  t o  exclude those  sub-s t ruc tures  which do not 
conform with the  ones advocated by t h e  theory; these  exc lus ions  would 
cen t r e  upon the welfare subsystem and h ighly  concentrated s o c i a l  and 
economic areas .  This  i n d i c a t e s  a f u r t h e r  i n t r i c a t e  s t r and  i n  t h e  
r e l a t i o n s h i p  between knowledge and s o c i a l  s t r u c t u r e ;  f o r  when F o r r e s t e r  
advocates  the  i n t e g r a t i o n  of underemployed Blacks i n t o  mainstream 
economic a c t i v i t y ,  we can understand t h i s  a s  a po l icy  which would submit 
them t o  t h e  dominant publ ic  gr id .  Moreover, t h e  e l imina t ion  of t h e  
ghe t toes  would a l s o  h e l p  t o  e l imina te  the  cosmologies which they 
support .  These people would be incorporated i n t o  a new urban  s t r u c t u r e  
i n  which t h e  cosmology represented by system dynamics would be t h e  
dominant cosmology of t h e  whole c i t y ;  each person would be  subordinated 
t o  t h e  publ ic  g r id ,  w i t h  a s o c i a l  h ie rarchy  and balanced populat ion etc .  
Urban dynamics promotes a t h e o r e t i c a l l y  c losed view of c i t i e s ;  i t  a l s o  
aims t o  conc re t i ze  an urban s t r u c t u r e  which would support  t h e  cosmology 
i m p l i c i t  i n  the  theory; t h i s  s t r u c t u r e  would the re fo re  r e i n f o r c e  t h e  
proposed po l i c i e s .  Thus, another  effect of  urban dynamics may l i e  i n  its 
promotion of a s o c i a l  r e s t r u c t u r i n g  which could close off  a l t e r n a t i v e  
percept ions  and d i s sen t .  
I n  Chapter Four we a s s e r t e d  t h a t  t h e  range of l i n g u i s t i c  codes which is 
a v a i l a b l e  t o  a person is a q u a l i t y  of h i s  o r  her  s o c i a l  environment. 
During the  s o c i a l i s a t i o n  processes  OP educat ion people may ga in  access  
t o  d i f f e r e n t  forms of t h e  e labora ted  code and the re fo re  we may r a i s e  the  
ques t ion  of the  connection between t h e  disseminat ion of system dynamics 
wi th in  t h e  educat ion system and t h e  con t ro l  of access t o  codes. Not only 
do t h e  system dynamicis ts  seek t o  conso l ida t e  an urban s t r u c t u r e  whose 
r ami f i ca t ions  may be those  t h a t  we have j u s t  discussed,  but  because of 
t h e i r  d e s i r e  t o  extend system dynamics i n t o  a l l  levels  of educat ion they 
are a l s o  i n d i r e c t l y  making a bid f o r  power over t h e  access  t o  e labora ted  
codes. 
The teaching  of system dynamics is equiva len t  t o  t h e  teaching  of the  
object-or iented code and t h e  s o c i a l  cosmology which are i m p l i c i t  within 
it. Speaking about how pieces  of  knowledge a r e  c l a s s i f i e d  w i t h i n  t h e  
classroom Douglas s t a t e s :  
"As they are connected i n  t h e  curr iculum so they  e n t e r  t h e  minds of t h e  
pupi l s ,  and, though t h e  d e t a i l s  of t h e  conten t  w i l l  fade,  t h e  connect ions 
a r e  l i k e l y  t o  guide t h e i r  judgements and pe rpe tua te  t h e  system of power 
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which the  curr iculum represents." (55)  
It is not  necessary f o r  u s  t o  be drawn i n t o  t h e  debate concerning the  
wider pedagogical imp l i ca t ions  of t h i s  idea, but we can use it t o  throw 
some f u r t h e r  l i g h t  on t h e  teaching  of system dynamics. The r e l a t i o n s h i p  
between teacher  and the  pup i l  is p a r t  of a c o n t r o l  system i n  which the  
curr iculum is an example of  a symbolic system which mediates and 
r e i n f o r c e s  hidden power r e l a t i o n s .  I n  t h e  contex t  of t h e  school,  t hese  
r e l a t i o n s  are represented  by t h e  groups who decide upon the  content  of 
t h e  curriculum. I n  seeking t o  extend t h e  teaching  of sys t em dynamics 
throughout t h e  educa t iona l  system, For re s t e r  and h i s  a s s o c i a t e s  are 
i n d i r e c t l y  seeking t o  e x e r t  some measure of c o n t r o l  w i t h i n  t h e  system of 
power t h a t  determines t h e  curriculum. 
Seeking t o  t ake  a h o l i s t i c  view, comprised of  mul t ip le  perspec t ives ,  
t h i s  chapter  has advanced several arguments about t h e  p o t e n t i a l  r o l e  of 
sys t em dynamics as a s o c i a l  binding agent which mediates and r e i n f o r c e s  
s o c i a l  r e l a t i o n s ,  and t h e  p i c t u r e  t h a t  w e  have developed has  revealed 
s e v e r a l  i n t e rconnec t ing  dimensions by which t h i s  could be  e f fec ted .  
I n  no p a r t  of  t h e  d i scuss ion  have we meant t o  imply t h a t  t h e s e  s o c i a l  
e f f e c t s  are wi th in  t h e  conscious con t ro l  of Fo r re s t e r  o r  o the r  system 
dynamicists;  r a t h e r ,  they express  t h e  p o s s i b i l i t i e s  of a system of 
knowledge which has  evolved from t h e  s o c i a l  contex t  w i th in  which these  
system a n a l y s t s  res ide .  They are cons t ra ined  by t h a t  knowledge, j u s t  as 
t h e  urban r e s i d e n t s  would be i f  t h e  p o l i c i e s  were implemented t o  t h e i r  
f u l l  ex ten t .  
With t h e  system dynamicis ts  w e  would f ind  a s e l f - r e i n f o r c i n g  s o c i a l  
pos i t i on  which would inser t  them i n t o  a s p e c i a l  r e l a t i o n s h i p  w i t h  
p o l i t i c i a n s  and t h e  e l e c t o r a t e .  Wi th  regard t o  t h e  l a t t e r ,  we have pieced 
toge the r  a p i c t u r e  of an urban s t r u c t u r e  ehich,  given our  argument 
concerning cosmologies and s o c i a l  s t r u c t u r e s ,  would perhaps c o n s t r a i n  
them towards an u n c r i t i c a l  acceptance of t h e  r o l e  of t h e  system 
dynamicis ts  and t h e  p o l i c i e s  which they recommend. 
Refer r ing  t o  t h e  work of Latour, we have shown t h a t  the  ex tens ion  of t h e  
l abora to ry  I s  not  s o l e l y  a f e a t u r e  of n a t u r a l  science,  b u t  may p e r t a i n  
t o  s o c i a l  s c i ence  too - i n  t h i s  case  we have discussed t h e  ex tens ion  of 
the  System Dynamics Laboratory i n t o  policymaking. 
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We have a l s o  argued t h a t  t h e  urban theory  has a degree of autonomy w i t h  
regard t o  cap i t a l i sm - though F o r r e s t e r  does not seek t o  change the  
fundamentals of the  e s t ab l i shed  order ,  he does advocate some p o l i c i e s  
which would be  t o  the  disadvantage of c e r t a i n  c a p i t a l i s t  en t e rp r i se s .  
Several  interwoven threads  of l e g i t i m a t i o n  pervade t h e  theory,  each 
d i sp lay ing  a d i s t i n c t  f a c e t  which func t ions  so  as t o  make the  theory 
appear r a t i o n a l  o r  s e l f - ev iden t  i n  people 's  eyes. Taking  a pos i t i on  
between t echnoc ra t i c  optimism, and one which might cons t rue  a l l  urban 
problems a s  a n a t u r a l  outcome of c i t y  l i f e ,  F o r r e s t e r  pu ts  forward a 
mixture of i deas  whose j u s t i f i c a t i o n  arises from d i f f e r e n t  sources. From 
t h e  moral indictment  of t h e  ' i r r e s p o n s i b i l i t i e s '  of the  poorer c l a s ses ,  
t o  t he  promotion of  cap i t a l i s t  e n t e r p r i s e  and t echnoc ra t i c  i d e a s  of  t h e  
need f o r  changed urban adminis t ra t ion ,  t h e  theory spans almost the  whole 
gamut of conceivable  no t ions  which could lend i t  legit imacy. (This  again 
suppor ts  our  convic t ion  t h a t  system dynamics cannot be  reduced merely t o  
c a p i t a l i s t  o r  t echnoc ra t i c  i n t e r e s t s . )  
Urban dynamics is a claim f o r  power: i t  seeks t o  stake out  a pos i t i on  f o r  
system dynamics and carries an  a s s e r t i o n  of a u t h o r i t y  t o  speak about the  
na ture  of our s o c i a l  systems. This  claim bears a hallmark of our times - 
t h e  ceding of a u t h o r i t y  t o  those  who command the  use of e s o t e r i c  
techniques i n  technology and t h e  phys ica l  sciences.  Beneath the  
technical glare w e  f i n d  a strong moral posi t ion:  system dynamics offers 
t o  f u l f i l l  t h e  promise of  social  engineer ing  while  remaining rooted t o  a 
t r a d i t i o n a l  conserva t ive  view of people's s o c i e t a l  du t ies .  
We have explored . s e v e r a l  in te rconnec ted  s t r a n d s  wi th in  t h e  e x o t e r i c  
r o l e  of system dynamics: t h e s e  f u r t h e r  i l l u m i n a t e  t h e  development of 
t h i s  p a r t i c u l a r  branch of t h e  systems movement which of course i s  one of 
the  o b j e c t i v e s  of t h e  d i s s e r t a t i o n .  The ques t ion  of system dynamics' 
actual role is perhaps bet ter  l e f t  for t h e  fu tu re ,  and i n  any case is 
more concerned with much broader social  issues than can be d e a l t  w i t h  
here. What we have t r i e d  t o  show is t h a t  its p o t e n t i a l  r o l e  is complex 
and mult i faceted;  br inging  toge the r  models of th inking  from 
anthropology, sociology, and p o l i t i c a l  economy, we have sought t o  map out  
the important ques t ions  p e r t a i n i n g  t o  i t s  r o l e ,  and these s tand  as 
poss ib l e  d i r e c t i o n s  for  f u r t h e r  research.  Our con t r ibu t ion  t o  t h e  
understanding of system dynamics, t he re fo re ,  r e s i d e s  i n  t h e  o r i g i n a l i t y  
of t h e  perspec t ive  we have e rec ted ,  r a t h e r  than in so lv ing  t h e  very 
ques t ions  we have achieved i n  formulating. 
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6.0 IaTRODUCTION 
I n  t h i s  chapter  our a t t e n t i o n  t u r n s  t o  t h e  s y s t e m  dynamics world models 
and t h e  controversy which surrounded them. These models a r e  the  most 
widely known and ex tens ive ly  publ ic i sed  of t h e  var ious  system dynamics 
p ro jec t s ,  and have generated both widespread support  and c r i t i c i s m ,  
p a r t i c u l a r l y  i n  North America and Western Europe. Here, we a r e  
s p e c i f i c a l l y  i n t e r e s t e d  i n  the  spectrum of b e l i e f s  and d i s b e l i e f s  which 
t h e  models s t imulated and we w i l l  employ some soc io log ica l  and 
psychological ideas i n  order  t o  examine t h e  d i f f e r e n t i a l  reactions of 
d i f f e r e n t  audiences. 
The world m d e l s  d id  not e n t e r  a social vacuum, but emerged a t  a time of 
considerable  s o c i a l  change - inc luding  economic upheavals and the 
dec l ine  of t r a d i t i o n a l  va lues  and i n s t i t u t i o n s  - which some people saw 
as a po r t en t  o f  a th rea t en ing  future .  Our content ion is t h a t  it is i n  
r e l a t i o n  t o  the  p reva i l i ng  social contex t  t h a t  t h e  publ ic  appeal of t h e  
models is best understood. 
The world models must a l s o  be  seen i n  r e l a t i o n  t o  t h e  environmental 
movement of  t h e  1960s and e a r l y  1970s which was i tself  p a r t  of t h e  wider 
s o c i a l  context.  We cannot hope here t o  provide an explanation of t h i s  
movement: t h e  reasons f o r  t h e  rise of environmentalism are obviously 
beyond the  scope of t h i s  thesis. However we must acknowledge t h a t  the 
world models cont r ibu ted  to t h e  development of t h e  movement. 
Bas ica l ly  our approach is t o  contend t h a t  t h e  models represented a 
complex message which was i n t e r p r e t e d  i n  divergent  ways by var ious  
groups with d i f f e r e n t  cosmologies. These groups ranged From those  who 
saw t h e  message as confirming t h e i r  b e l i e f  i n  the  imminent co l l apse  of 
Western c i v i l i z a t i o n ,  and who subsequently sought su rv iva l  i n  small 
a l t e r n a t i v e  communities, to  those who viewed the  message as a 
j u s t i f i c a t i o n  f o r  increased  i n t e r n a t i o n a l  r egu la t ion  and t h e  formation 
of a 'world government' o r  some o the r  suprana t iona l  i n s t i t u t i o n .  
The message encapsulated many i n t u i t i v e  feelings about t h e  state of t h e  
modeyn world. I n  fact, it embodied age-old i d e a s  about t h e  r e l a t i o n s h i p  
of man t o  man, man t o  soc ie ty ,  and man t o  na ture  - though c a s t i n g  these 
i d e a s  i n  a somewhat modern form. These "na tu ra l  symbols" - t o  use 
Douglas' term - vary from cosmology to  cosmology; t h i s  v a r i a t i o n  o f f e r s  
some prospec ts  f o r  understanding t h e  d i f f e r e n t  r e a c t i o n s  t o  the  models. 
It is contended t h a t  t h e  message was a l s o  a focus For psychological 
concerns - t h a t  it played upon c e r t a i n  psychological needs. These 
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i n c l u d e  t h e  need for c o g n i t i v e  s e c u r i t y  - i.e. t h e  need t o  be  a b l e  t o  
e x p l a i n  one's l i f e  and endox it i i i t h  meaning and a sense of pu rpose  . We 
w i l l  arg:Je t h a t  t h e s e  needs  are d i s c e r n i b l e  amongst. a number of 
d i f f e r e n t  r e s p o n s e s  t o  t h e  models even where t h o s e  r e s p o n s e s  a r e  
s l i p e r f i c i a l l y  d i s p a r a t e .  
T h e  p r i n c i p a l  p s y c h o l o g i c a l  r e a c t i o n s  on which we c o n c e n t r a t e  are t h e  
zechanisrns of p r o j e c t i o n  and d i sp lacemen t .  Because t h e  world models 
became a l e v e r  o f  p r o t e s t  for  v a r i o u s  groups,  t h e y  p rov ided  a r e s o u r c e  
Sy whi -h  t h o s e  g r o u p s  cou ld  p r o j e c t  t h e i -  d i s s a t i s f a c t i o n s  and l a y  blame 
a t  t h e  door  o f  t h e  e s t a b l i s h m e n t ,  s c i e n t i s t s ,  t echno logy ,  i n d u s t r i a l i s t s ,  
cr whoever. I n  d o i n g  so, t n e s e  p r c t e s t  g r o u p s  were p r o t e c t i n g  t h e m e l v e s  
a g a i n s t  t h e i r  own c o m p l i c i t y  i n  t h e  g l o b a l  p r o b l e m  ( c o m p l i c i t y  which 
woilld be p a i n f u l  t o  admi:). T h i s  t y p e  of r e a c t i o n  is an  example of what 
p s y c h o l o g i s t s  call d i s p l a c e m e n t  - i.e. t h e  s u b s t i t u t i o n  of a n  a c c e p t a b l e  
e x p l a n a t i o n  f o r  one  & i c h  would be  p a i n f u l  t o  admit  o r  sus t a in .  
To take  a n s t h e r  e x a n p l e  of t h e s e  r e a c t i o n s ,  w e  m y  n o t e  t h a t  E l i a s  h a s  
drawn a t t z n t i o n  t o  t h e  way i n  which some p e J p l e  mke a f e t i s h  of nuclear 
weapons' .  Thc n u c l e a r  bozb is  a symbol o n t o  which peop le  p r o j e c t  t h e i r  
fears; t h e y  blame s c i e n t i s t s  f o r  i t s  p r e s e n c e  - t h u s  d i s p l a c i n g  a more 
o b j e c t i v e  e x p l a n a t i o n  for t h e  e x i s t e n c e  o f  n u i l e a r  weapons and 
subst i t*;<,fng a more welcome one. Our c o n j e c t u r e  is t h a t  t h e s e  reactions 
are c l o s e l y  b m n d  up w i t h  p r e s e r v i n g  c o g n i t i v e  s e c u r i t y .  
The p l a n  of t h e  c h a p t e r  is as fol lows.  F i r s t l y ,  we d i s c u s s  t h e  a c t u a l  
d e t a i l s  of t h e  message c o n t a i n e d  i n  t h e  models. Secondly,  we use  Douglas' 
i d e a s  a s  a background f o r  a n a l y s i n g  t h e  s o c i a l  r o o t s  of b e l i e f s  
c o n c e r n i n g  p o l l u t i o n .  Then we d i s c u s s  t h e  t y p e s  o f  r e s p o n s e  t o  t h e  
message which c o u l d  b e  expec ted  i n  t h e  l i g h t  of h e r  t h e o r y  of 
cosmologies .  I n  t h e  f o l l o i i i n g  s e c t i o n  we w i l l  d e s c r i b e  some actual  
r e s p o n s e s  w i t h  reference to t h e s e  e x p e c t a t i o n s .  F i n a l l y ,  w e  examine t h e  
r e s p o n s e s  a t  a somewhat d e e p e r  l eve l  and t r y  to e x p l a i n  some of t h e  
similarities which u n d e r l i e  them. 
O u r  main theme w i l l  S e  t h e  s o c i a l  and p s y c h o l o g i c a l  n e e d s  which t h e  
world models f u l f i l l e d .  We w i l l  a r g u e  t h a t  t hey  a f f o r d e d  a form of 
b e l i e f  sys t em which s o u g h t  t o  e x p l a i n  t h e  c o n t r a r i e t i e s  of t h e  world and 
endow it w i t h  meaning and coherence.  
So far i n  t h i s  t h e s i s  we have d i s c u s s e d  c o g n i t i v e  s e c u r i t y  i n  r e l a t i o n  
to a n o m a l i e s  and cosmologies ,  b u t  now we wish t o  i n t r o d u c e  a 
p s y c h o l o g i c a l  dimension i n t o  t h e  concept .  
196 
Some of t h e  s imi la r i t i es  i n  t h e  r e s p o n s e s  t o  t h e  models c e n t r e  on the 
idea of r a d i c a l l y  changing t h e  s o c i a l  o r d e r  whilst o t h e r s  t e n d  towards a 
more p a s s i v e  a c c e p t a n c e  of t h e  message. To unders tand  t h e  radical  
r e s p o n s e s  r e q u i r e s  t h a t  w e  dea l  w i t h  t h e  q u e s t i o n  of m i l l e n a r i a n i s m  - 
t h e  be l i e f  t h a t  sume t o t a l  and sudden t r a n s f o r m a t i o n  of t h e  world is a t  
hand. T h i s  is impcrtclnt for two reasons ;  f i r s t l y ,  some s c h o l a r s 2 h a v e  
drawn a t t e n t i o n  to  t h e  m i l l e n a r i a n  o v e r t o n e s  o f  t h e  environment 
movement; and secondly ,  Douglas's t h e o r y  of cosmologies  i d e n t i f i e s  
c e r t a i n  m i l l e n a r i a n  t e n d e n c i e s  w i t h  s p e c i f i c  t y p e s  of s o c i a l  
environment. These two f a c t o r s  matzh n e a t l y  i n t o  o u r  t h e o r e t i c a l  
framework. 
F i n a l l y ,  i n  o r d e r  to i l l u m i n a t e  t h e  nature of t h e  p a s s i v e  response,  we 
w i l l  u n d e r t a k e  a comparison o f  the be l ie f  sys tem r e p r e s e n t e d  by t h e  
models w i t h  t h a t  p e r t a i n i n g  t o  a s t r o l o g y .  We w i l l  a r g u e  t h a t  l i k e  
a s t r o l o g y ,  t h e  world models may countenance p a s s i v i t y  and i n d i v i d u a l  
a d j u s t m e n t  to  social  c o n d i t i o n s .  T h i s  f i n a l  s e c t i o n  w i l l  c o n s t i t u t e  t h e  
most s p e c l i l a t i v e  p a r t  o f  t h e  t h e s i s  but is j u s t i f i e d  because it c o v e r s  
p a r t i c u l a r  i d e a s  about  t h e  M p a - t  o f  t h e  n o d e l s  which have n o t  been 
d i s c u s s e d  elsewhere.  We d o  n o t  w i s h  to a r g u e  that  sys tem dynamics is 
r e d u c i b l e  to a s t r o l o g y  o r  v i c e  v e r s a ,  b u t  r a t h e r ,  s e e k  to i l l u m i n a t e  
b e l i e f s  i n  t h e  rnesage of c a t a s t r o p h e  by p o i n t i n g  o u t  i n t e r e s t i n g  
p a r a l l e l s  between t h e  two. These t h e r e b y  h i g h l i g h t  n o v e l  a s p e c t s  of 
sys tem dynamics and t h e  widespread p o p u l a r i t y  OP its message. 
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We propose  t o  t rea t  t h e  message of t h e  world models - World 2 and World 3 
- as b e i n g  b a s i c a l l y  t h e  sane. There a r e  o f  cou?se some d i f f e r e n c e s ,  The 
I 
I L i m i t s  t o  Growth b e i n g  somewhat less p e s s i m i s t i c  'than World Dynamics, 
b u t  f o r  o u r  purpose:; it is r e a s o n a b l e  t o  refer  t o  t h e  message of  t h e  two 
models c o l l e c t i v e l y  as " t h e  limits t o  growth" (LTG j .  
t 
1 
! ! 
!. Our use of t h e  term "message" is based on t h e  i d e a  t h a t  t h e  world models 
c a r r i e d  & s m b e r  of d i f f e r e n t  themes - each c c n t a i n i n g  condensed symbols 
- u h i c h  r e n d e r  any s i m p l e  t x a t m e n t  i n a p p o r p r i a t e .  Tnu3, we canno t  s p e l l  
o u t  t h e  message ir, t h e  form o f  a c l e a r - c u t  Iinam3Lguous i n t e r p r e t a t i o n  
f o r  t h i s  would undermine i t s  complexi ty .  I n s t e a d ,  we w i l l  endeavour  t o  
p o i n t  o u t  t h e  range of symbolic  e l e m e n t s  w i t h i n  t h e  message w i t h o u t  
f o r c i n g  it i n t o  a s i n g u l a r  r i g i d  mould. 
The LTG message s o n t a i n e d  t h e  ominous p r e d i c t i o n  t h a t  t h e  world was 
facing a t o t a l  c a t a s t r o p h e .  T h i s  prophecy appfa red  t o  be  d i f f e r e n t  i n  
k i z d  f r o 3  ea r l i e r  p r e d i c t e d  <isasters  because it was a p p a r e n t l y  based 
upon t h e  b e h a v i o u r  o f  computer s imulat ion models - a feature  which set 
t h e  aessage a p a r t  f rom r e l i g i o u s  and o t h e r  a p o c a l y p t i c a l  p rophec ie s .  I t  
had o v e r t o n e s  o f  s c i e n t i f i c  o b j e c t i v i t y  because  it came from a g roup  who 
were amongst t h e  world 's  l e a d i n g  s ? i en t i f i c  and t e c h n o l o g i c a l  e l i t es .  
The p o t e n t i a l  c o l l a p s e  may b e  caused by one of several factors, ac t ing  
s i n g l y  or i n  c o n c e r t .  Amongst o t h e r  p o s s i b l e  s c e n a r i o s  w e  f i n d  p o l l u t i o n  
crises,  s t a r v a t i o n ,  and i n d u s t r i a l  c o l l a p s e  th rough  t h e  e x h a u s t i o n  o f  
n a t u r a l  resources. The g l o b a l  c o l l a p s e  would g ive  way t o  a n  e q u i l i b r i u m  
c o n d i t i o n  w i t h  a much lower l eve l  o f  p o p u l a t i o n ,  and t h e  " s h i f t  from 
growth to e q u i l i b r i u m  may be  i n i t i a t e d  by c a t a s t r o p h e s  s u c h  as wars, o r  
ep idemics"  3. 
The c o n c e p t  of s y s t e m  v i a b i l i t y  is used +a focus d o u b t s  a b o u t  t h e  
f u t u r e ,  and t h e  m o d e l l e r s  q u e s t i o n  whether  man is a b o u t  t o  f a l l  i n t o  an 
a b y s s  of h i s  own creat ion - a social  and t e c h n i c a l  s y s t e n  which h e  can 
no longer c o n t r o l  and which is d r i v i n g  t h e  whole race towards  d i s a s t e r q .  
I n  a d d i t i o n  t o  a r g u i n g  t h a t  t h e  v i a b i l i t y  o f  t h e  world sys t em is 
t h r e a t e n e d ,  t h e  sys t em d y m m i c i s t s  a d v o c a t e  measures  which w i l l  
supposed ly  b r i n g  t h e  g l o b a l  s y s t e m  i n t o  an e q u i l i b r i u m  s ta te  and t h u s  
guarantee i t s  v i a b i l i t y .  Indeed,  t h e  c o n c e p t i o n  of v i a b i l i t y  is d i r e c t l y  
l i n k e d  t o  the means of s u s t a i n i n g  it - i.e. e q u i l i b r i u m .  These measures 
are d i r e c t e d  towards  c u r b i n g  t h e  p r e s e n t  growth i n  p o p u l a t i o n ,  
i n d u s t r i a l i s a t i o n ,  and p o l l u t i o n .  T h i s  would r e q u i r e  a s h i f t  i n  v a l u e s  
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from those  or ien ted  towards short- term i n t e r e s t s  and mate r i a l  growth, t o  
those compatible w i t h  long-term equilibrium5. 
F o r r e s t e r  advocates an enhanced ro le  f o r  r e l i g i o n  i n  t h e  proposed 
equi l ibr ium s o c i e t y  and sugges ts  t h a t  churches a r e  guardians of t h e  
future .  H i s  assumption is presumably t h a t  a s t ronge r  r e l i g i o u s  
o r i e n t a t i o n  would seek to provide t h e  str icter moral codes required t o  
secure the  fo r f e i t  of expec ta t ions  i n  a world of no material growth. The  
system d y n a m i c i s t s  argue t h a t  because  of t h e  a l leged  slow response time 
of complex systems, people must t a k e  a c t i o n  soon f o r  it w i l l  t a k e  some 
time before t h e i r  e f f o r t s  come t o  f r u i t i o n .  They suggest that  i f  people 
postpone a c t i o n  then it may well be too late t o  a v e r t  t h e  catastrophe.  
The concepts  of system v i a b i l i t y  and equi l ibr ium are f u r t h e r  l inked to 
t h e  ideas  o f  order,  conservation, t h e  purposive na ture  of Systems, 
harmony, and balance with nature.  A world i n  equi l ibr ium would be a world 
of order  and harmony between man and nature ,  and between t h e  d i f f e r e n t  
subsys tem.  
Equilibrium occurs  when growth i n  t h e  p o s i t i v e  loops has  been a r r e s t e d  
by the negat ive  loops, t h u s  y i e ld ing  a balance of fo rces  and harmony, i.e. 
lia condi t ion  of cons t an t  population, cons tan t  use of resources ,  and 
constant genera t ion  of po l lu t ion ,  a l l  l imi t ed  so t h a t  t h e  equi l ibr ium 
condi t ion  can be sus ta ined  i n d e f i n i t e l y  i n t o  t h e  fu ture"  6. So, the 
equi l ibr ium s o c i e t y  w i l l  have no conceivable  and - its social order  w i l l  
be  perpetual.  
The  sys tem dynamicis ts  be l i eve  t h a t  systems have a purposive nature 
which is or i en ted  t o w a r d s  t h e  a t ta inment  of  an equi l ibr ium s t a t e .  A 
f u t u r e  wor ld  e q u i l i b r i u m  is the re fo re  seen to be inevi tab le .  However, 
they also stress t h a t  men should act t o  inf luence  t h e  p a r t i c u l a r  state 
i n t o  which t h e  world w i l l  move; f o r  i f  t h e  choice  is left  t o  t h e  system 
alone it w i l l  o f  course not bear  human considerati.ons i n  mind. We are 
t o l d  t h a t  man must no t  seek to conquer na ture  but  t r y  to l i f e  i n  harmony 
with itt. 
In t h e  e a r l y  p a r t  of t h e  1 9 7 0 ~ ~  ecology became a widely-used term i n  
Western societies and served as a focus f o r  a series of r e l a t e d  
concerns.The LTG message was seen by many people as a v i t a l  p a r t  of t h e  
argument for environmental p ro t ec t ion ,  for it purported to show t h a t  
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env i ronmen ta l  a b u s e  n o t  o n l y  t h r e a t e n e d  t h e  e x t i n c t i o n  of obscu re  
s p e c i e s  o f  an ima l s ,  b u t  t h e  e x i s t e n c e  of man h imse l f .  
Although a p p e a r i n g  t o  many as s c i e n t i s t s ,  F o r r e s t e r  and h i s  a s s o c i a t e s  
d i s t a n c e d  thems leves  from t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  r a t i o n a l i t y  
which they  saw as  b e i n g  t i e d  t o  s h o r t - t e r m  i n t e r e s t s  - des igned  t o  treat 
t h e  symptam of t h e  world's  p r o b l e m  r a t h e r  t h a n  the  ' t r u e '  causes .  They 
were t 'nerefore  much opposed to t e c h n o l o g i c a l  ' f i x e s ' .  I n  fact ,  the method 
w i t h  which t h e i r  models had been f o r m u l a t e d  was claimed t o  embody a new 
and d i s t i n c t i v e  way o f  t h i n k i n g  a b o u t  t h e  world - i.e. a dynamic systems 
approach which i t s  p r o p o n e n t s  b e l i e v e d  was t h e  on ly  way of comprehending 
t h e  behav iour  o f  a complex system. The method used i n  c o n s t r u c t i n g  t h e  
models was h o l i s t i c ,  the World 3 p r o j e c t  team was m u l t i d i s c i p l i n a r y ,  and 
a long-term view was t a k e n  of t h e  f u t u r e  of t h e  g l o b a l  system. 
F o r r e s t e r  and Meadows b o t h  acknowledge t h a t  the models do n o t  c o n s i d e r  
t h e  p o l i t i c a l  changes  t h a t  would b e  n e c e s s a r y  t o  a c h i e v e  g l o b a l  
e q u i l i b r i u m ,  r e s t r i c t i n g  themse lves  only  ta a c o n s i d e r a t i o n  of t h e  
v i a b i l i t y  of t h e  p h y s i c a l  i n f r a s t r u c t u r e  wh.ich u n d e r l i e s  t h e  s o c i a l  
world. Yet, t h i s  admiss ion  is n o t  j u s t  a s t a t e m e n t  r e g a r d i n g  t h e  
l i m i t a t i o n s  o f  t h e  Wde lS ;  it a l s o  s e r v e s  t3 set t h e i r  work above t h e  
s p h e r e  of p o l i t i c s ,  t o  make them a p p e a r  more o b j e c t i v e .  F u r t h e r ,  we 
shou ld  note t h a t  i n  p a i n t i n g  t h e i r  s y s t e m  a n a l y s t ' s  view of the  w o r l d ,  
c o n f l i c t  is seen l a r g e l y  as a symptom o f  e x p o n e n t i a l  growth or 
c o m p e t i t i o n  f o r  l i m i t e d  r e s o u r c e s .  It  is seen as being r o o t e d  i n  s h o r t -  
term c o n s i d e r a t i o n s .  The message of t h e  world models was t h e r e f o r e  
p r o j e c t e d  above s h o r t - t e r m  p o l i t i c a l  s q u a b b l i n g s ,  class conf l ic t s  and 
o t h e r  s i m i l a r  con f l i c t s  of interest - it p u r p o r t e d  t o  a d d r e s s  t he  long- 
term f u t u r e  of t h e   globe. The main e l e m e n t s  o f  t h e  message are 
d e p i c t e d  i n  F i g u r e  (1  ). 
Modern man is not  a l o n e  i n  fearing f o r  t h e  s a f e t y  o f  h i s  environment,  
Douglas t e l l s  us t h a t  most t r i b a l  env i ronmen t s  are al30 h e l d  to b e  i n  
danger.  Though t h e  nature  o f  t h e  p e r c e i v e d  d a n g e r s  are  n o t  t h e m e ,  s h e  
a r g u e s  t ha t  we a l l o c a t e  r e s p o n s i b i l i t y  f o r  p o l l u t i o n  i n  t h e  same way as 
do peop le  i n  p r i m i t i v e  societies. P o l l u t i o n ,  i n  h e r  view, is a social 
c o n s t r u c t  which is loaded  w i t h  moral p e r s u a s i v e n e s s  and used as a means 
of coe rc ion .  
I n  cer ta in  t r i b a l  s o c i e t i e s ,  a c c u s a t i o n s  of witchcraft ,  u n n a t u r a l  s e x  
and p o l l u t i o n  are amongst many similar c h a r g e s  which may b e  made aga ins t  
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s p e c i f i c  s e c t i o n s  of  t h e  community. Douglas a r g u e s  t h a t  these 
a c c u s a t i o n s  are a means of e n f o r c i n g  power o r  e x e r t i n g  p o l i t i c a l  
c o n t r o l .  I n  t h e  l as t  chapter  we d i s c u s s e d  the t h e s i s  that  knowl.edge i ~ ; .  
be c o n s i d e r e d  as a r e s o u r c e  f o r  the  e x e r c i s e  cf power. An a c c u s a t i o n  of  
w i t c h c r a f t  o r  p o l l u t i o n  is r o o t e d  i n  a s y s t e m  of  knowledge which de f ines  
what i s  'natiiral' and ' u m a t u r a i ' ,  wh ich  d i s t i n & u i s ! i o s  the hones t  man from 
t h e  man-eating witch,  t h e  p u r e  from t h e  impure. Thus ,  t h o s e  wfio e x e r t  
c o n t r o l  i n  t h i s  s y s t e m  ánd i t s  c l a s s i f i c a t i o n s  a i s o  i n f l u e n c e  t h e  s o c i a l  
systeni  foi- Lihich the  system o f  knowledge is :i necess . i ry  s1ipport. 
Within p r i m i t i v e  m l t u r e s ,  c h a r g e s  c o n c e r n i n &  p o l l u t i o n  o f t e n  taice one 
of two d i s t i n c t  forms. F i r s t l y ,  an a c c u s a t i o n  of w i t c h c r a f t  ( o f  be ing  a 
s o u r c e  of p o l l u t i o n ,  a dange r  t o  t h e  rest .3f s o c i e t y )  m y  be i s s u e d  by 
t h e  leaders i n  o r d e r  t o  e x e r t  c o n t r o l  o v e r  some i n d i v i d u a l  or group 
w i t h i n  t h e  t r i b e .  Secon(i ly ,  t h e  c o n v e r s e  of t h i s  is t h a t  members of t h e  
t r i b e  may s u s p e c t  t he i r  leaders of c o r r u p t i o n  and accuse  them o f  
w i t c h c r a f t .  'The t y p i c a l  t a rge ts  o f  t h e  charges depend3 upon t h e  r e l a t i v e  
power o f  t h e  leaders and t h e i r  f o l l o w e r s .  
" P o l l u t i o n  i d e a s ,  however t h e y  arise, are the n e c e s s a r y  s u p p o r t  f o r  a 
social  s y s t e a  How el3e c a n  p e o p l e  i n d u c e  each o t h e r  to  co -ope ra t e  and 
behave i f  they  canno t  t h r e a t e n  w i t h  time, money, God, arid m t u r e ?  These 
n o r a 1  I m p e r a t i v e s  a r i se  from s o c i a l  i n t e r c o u r s e .  They draw on a view of 
t h e  environment  t o  s u p p o r t  a s o c i a l  order." Douglas  ( 8 )  
T r a n s f e r r i n g  t h i s  l i n e  o f  t hough t  t o  modern s o c i e t y ,  Douglas s u g g e s t s  
t h a t  t h i s  age-old formula may well u n d e r l i e  t h e  p r e s e n t  debate 
c o n c e r n i n g  t h e  environment.  If t h i s  is indeed  t h e  case, t h e n  we m u s t  
c o n s i d e r  t%e env i ronmen ta l  d e b a t e  i n  p o l i t i c a l  terms. 
Douglas  a r g u e s  that t h e  " c e n t r e "  ( t h e  l e a d e r s )  and the  "borde r "  
( p e r i p h e r a l  g r o u p s )  of  modern s o c i e t i e s  t r a n s l a t e  t h e i r  p o l i t i c a l  
o b j e c t i v e s  i n t o  views a b o u t  p o l l u t i o n  and t h e  environment.  For example, 
i f  a b o r d e r  group c o n s i d e r s  t h e  'system', o r  i n d u s t r i a l i s a t i o n  (which is 
o f t e n  i d e n t i f i e d  w i t h  i t )  t o  b e  a bad t h i n g ,  t h e n  p o l l u t i o n  may be s e e n  
t o  emanate from i n s t i t u t i o n s .  According to t h i s  t y p e  of view, man is s e e n  
as n a t u r a l l y  good whereas i n s t i t u t i o n s  are s e e n  as  a c a u s e  o f  c o r r u p t i o n  
i n  men and p o l l u t i o n  i n  na tu re .  
D e s p i t e  t h e  view t h a t  eco logy  is above or  beyond p o l i t i c s  t h e  debate 
o v e r  t h e  environment  is t h e r e f o r e  e s s e n t i a l l y  a p o l i t i c a l  one. Each 
p a r t y  to t h e  debate has  i t s  own c o n c e p t i o n  of man, n a t u r e ,  and p o l l u t i o n ;  
there is no o b j e c t i v e  or s c i e n t i f i c  t h e o r y  a b o u t  p o l l u t i o n  and t h e  
environment;  i n  Douglas' terms t h e y  mean d i f f e r e n t  t h i n g s  t o  d i f f e r e n t  
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groups.  
"The s c i e n t i s t s  f i n d  o u t  true, o b j e c t i v e  t h i n g s  a b o u t  p h y s i c a l  n a t u r e .  
The human s o c i e t y  i n v e s t s  these f i n d i n g s  w i t h  social  meaning and 
c o n s t r u c t s  2 s y s t e m a t i c  t ime- t ab led  view of t h e  way human behav iour  and 
p h y s i c a l  n a t u r e  i n t e r a c t .  But I fear t h a t  it is a n  i l l u s i o n  i f  
s c i e n t i s t s  hope one day tu set  o u t  a t r u e ,  s y s t e m a t i c ,  o b j e c t i v e  view o f  
t h a t  i n t e r a c t i o n .  And 53 it  is  a l s o  i l l u s o r y  t o  hope f o r  a s o c i e t y  whose 
fears o f  p o l l u t i o n  rest e n t i r e l y  on t h e  s c i e n t i s t s '  t e a c h i n g s  and c a r r y  
no l o a d  o f  s o c i a l  o r  moral 2ersuasion."  Douglas  ( 3 )  emphasis added 
F i g u r e  ( 2 )  shows how t h e  message of t h e  world models m y  be  i n t e r p r e t e d  
i n  two d i s t i n c t  ways. One is a c e n t r e  i n t e r p r e t a t i o n  and the  o t h e r  
r e p r e s e n t s  a b o r d e r  view where c e r t a i n  elements o f  t h e  message a r e  
ass imilated i n t o  a n  a n t i - 2 e n t r e  p o s i t i o n .  For  example, a group which is 
opposed t o  t h e  e s t a b l i s h m e n t ,  and t h e  i n d u s t r y  and t e c h n o l o g i e s  
i d e n t i f i e d  w i t h  it, can l a t c h  on to  t h e  s y s t e m  d y n a m i c i s t s '  c o n c e r n  a b o u t  
growth and t e c h n o l o g i c a l  ' f i x e s '  i n  o r d e r  t o  r e i n f o r c e  i ts  own p o s i t i o n .  
The i m p u r t a n t  p i n t  a b o u t  t h i s  from o u r  p o i n t  o f  view is t h a t  each group 
r e c e i v e s  t h e  saw message b u t  draws d i f f e r e n t  c o n c l u s i o n s  from it. (In 
o t h e r  words,  there are d i f f e r e n t  e x o t e r i c  i n t e r p r e t a t i o n s  o f  t h e  
esoteric message: d i f f e r e n t  se ts  o f  message components become b u i l t  i n t o  
t h e  commonsense, 'self - ev iden t '  o u t l o o k s  o f  v a r i o u s  groups.)  
In a d d i t i o n  to t h i s  s o c i a l  dimension o f  p o l l u t i o n  bel iefs  the re  is a l s o  
t h e  p s y c h o l o g i c a l  dimension we d i s c u s s e d  earlier. To charge someone else 
or  some o t h e r  g roup  w i t h  p o l l u t i o n  is t o  e x t e r n a l i s e  i t s  c a u s e s  and 
p r o j e c t  g u i l t  o n t o  p a r t i e s  o t h e r  than o n e s e l f .  Thus, i n  a d d i t i o n  t o  
masking the  s o c i a l  and p o l i t i c a l  i n t e r e s t s  o f  b o r d e r  g roups ,  p o l l u t i o n  
charges may a l s o  mask t h e i r  c o m p l i c i t y  i n  the p r o d u c t i o n  of t h e  
p o l l u t i o n  which thPy desp i se .  
The c o n c e p t  o f  t h e  environment  as a p o t e n t i a l  weapon of social  c o n t r o l  
is n o t  t h e  on ly  one which has a b e a r i n g  upon t h e  message o f  t h e  world 
models and t he i r  r e c e p t i o n .  Douglas a l so  draws 3ur a t t e n t i o n  to  t h e  
social  b a s e s  o f  c r e d i b i l i t y  and t o  t h e  problem of p o l l u t i o n  fears i n  
" u n s t r u c t u r e d "  s o c i e t i e s .  Each c o n c e p t  of t h e  environment  masks a 
c e r t a i n  form of s o c i a l  s t r u c t u r e  and is r o o t e d  i n  a moral  c o n s e n s u s  t h a t  
b o t h  p r o t e c t s  t h a t  s t r u c t u r e  and is i n  t u r n  r e i n f o r c e d  by it. F u r t h e r ,  
e a c h  environment  has  d a n g e r s  which are  o r g a n i s e d  i n t o  a sys t em of 
knowledge which a l l o w s  p e o p l e  t o  c o p e  w i t h  them. 
"In e s s e n c e ,  p o l l u t i o n  i d e a s  are a d a p t i v e  and p r o t e c t i v e .  They p r o t e c t  a 
social  s y s t e m  from u n p a l a t a b l e  knowledge. They p r o t e c t  a sys t em o f  i d e a s  
from c h a l l e n g e .  The i d e a s  rest  on c l a s s i f i c a t i o n .  U l t i m a t e l y  any forms 
of knowledge depend on p r i n c i p l e s  of c l a s s i f i c a t i o n .  But  these 
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TECHNOCRPCY - SYSTEK 
I TRENGTHEh I N G  
H O L I S T I C ,  D Y N A M C ,  SYSTEMS APPROAC 
GLOBAL - ABOVE P O L I T I C S  AND 
SHORT-TERM CONFLICTS OF 
P R E D I C T I O N  O F  WORLD 
M U L T I D I S C I P L I N A R Y  
CATASTROPHE 
SYSTEM V I A B I L I T Y  
NATURE'S NEEE AND MORAL 
NEEDS A R E  SYNONYMOUS - 
HARMONY WTTH NATURE 
W U R E S  TO RFSTORE / 
L O C I A L  ORDER 
MAN SHOULD RESTORE 
E Q U I L I B R I U M  - IYTHER- 
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ANTI-TECHNOLCÆY 
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ANTI-INDUSTRY 
N E W  S O C I A L  ORDER 
2 r i n z i p l e s  a r i s e  o u t  of s o c i a l  e x p e r i e n c e ,  s u s t a i n  a d i v e n  p a t t e r n  and 
themse lves  are s u s t a i n e d  by it. If t h i s  g u i d e l i n e  and uase is  g r o s s l y  
d i s t u r b e d ,  !mowledge i t s e l f  is a t  r i s k . "  Douglas (10; 
T h e  b a s i s  o f  b e l i e f  i n  any p a r t i c u l a r  dange r  ( t h e  c r e d i b i l i t y  of t h e  
t h r e a t ) ,  is ma in ta ined  by a moral c o ~ ~ s e n s u s  w i t h i n  t h e  s o c i e t y .  
Conversely,  t h e  a b s e n c e  of a moral isonsenzus l e a v e s  2s open t o  t h e  
m u l t i p l i c i t y  o f  d a n g e r s  t h a t  mal u s u a l l y  c o n f r o n t  lis w i t h o u t  o u r  beii;g 
aware of them. 
" I n  a s e n s e  t h e  o b v i o u s  r i s k  t o  t h e  environment  is a d i s t r a c t i o n .  The 
e c o l o g i s t s  are indeed  look ing  i n t o  an  abyss .  But on t h e  o t h e r  s i d e  
a n o t h e r  a b y s s  yawns as  f r i g h t e n i n g l y .  T h i s  is  t h e  terr3r o f  i n t e l l e c t u a l  
r h a o s  ar2d b l i n d  panic." Douglas ( 1 1  ) 
Doaglas  c o n J e r t u r e s  t h a t  t h e  l a c k  of struct!:re w i t h i n  m d e r n  societ ies  
a c t u a l l y  increases o u r  p o l l u t i o n  fears and leaves u s  "prey t o  e v e q  
dread". A s o c i e t y  w i t h  a s t r o n g  moral c o n s e n s u s  embraces a v i e x  of t h e  
environment  which p r o v i d e s  d i s c r i m i n a t i n g  c r i t e r i a  which  c o n t r o l  dangcr  
and a l l o w  ;>eople t o  l i v e  wi th  many r i s k s  which a c t u a l l y  surrciand the?:. 
I n  mndern s o c i e t i e s  however, the s o c i a l  s tructure is weakened, 
s c i e n t i s t s  are i n  c o n f l i c t  aSotit what is dange-ous and what is nclt, and 
we are c o n f r o n t e d  by a n  i n t r a c t a b l e  a r r a y  of r e p o r t s  a b o u t  ? o s s i b l e  
d a n g e r s  - f rom o u r  d i e t  and t h e  a i r  we b r e a t h e ,  t o  t h e  medicines we 
consume and t h e  t e c h n o l o g i e s  which s u s t a i n  ou r  m a t e r i a l  comfort. 
These arguments are o f  c o n s i d e r a b l e  r e l e v a n c e  tc t h e  set o f  r e s p o n s e s  
which g r e e t e d  t h e  world nodels .  We have a l r e a d y  h i n t e d  t h a t  t h e  
r e s p o n s e s  t o  t h e  models r e f l e c t e d  t h e  a i v e r s i t y  o f  b e l i e f s  i n  Western 
s o c i e t y  and o u r  d i s c u s s i o n  o? p o l l u t i o n  fears  is a n  example of why t h i s  
is so. I n  t h e  f o l l o w i n g  s e c t i o n  we w i l l  d i s c u s s  t h e  ways i n  which 
d i f f e r e n t  cosmolog ies  may b e  expec ted  to  inf luence  t h e  r e a c t i o n s  o f  
var ious  grou?s t o  t h e  message of  t h e  models. 
If we examine t h e  v a r i o u s  g e n e r a l  c o n c e p t i o n s  o f  t h e  un ive r se  which t h e  
g r id -g roup  d i ag ram c o n t a i n s ,  we can b e g i n  to d i s c e r n  t h e  p o s s i b l e  
va r i a t ions  i n  b e l i e f  and i n t e r p r e t a t i o n  which g r e e t e d  the world models. 
With h i g h - c l a s s i f i c a t i o n  there is a c l o s e  matching between t h e  p u r p o s e s  
of s o c i e t y  and nature, which are seen to be  i n  r e c i p r o c a l  
i n t e rdependence .  T h i s  o f  c o u r s e  is similar t o  t h e  p o s i t i o n  of t h e  world 
m o d e l l e r s  themselves ,  and so t h e  r e s p o n s e  o f  p e o p l e  w i t h  high-  
c lass i f ica t ion  cosmolog ies  is e a s y  t o  see because  t h e  s t y l e  of t h o u g h t  
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u n d e r l y i n g  t h e  message o f  t h e  models would be  similar t o  t h e i r  own. Xe 
would t h u s  e x p e c t  a s t r o n g  concern w i t h  r r a i n t a i n i n g  s o c i a l  o r d e r ,  and 
e q u i l i b r i u m  w i t h  nature,  and a l s o  a n  emphasis  on t h e  i d e a  o f  n a t u r a l  
laws. 
With suiall-group cosmologies  tne d i s t i n c t i o n  between i n s i d e  and  o g t s i d c  
is t r a r . s f e r r e d  ta t h o u g h t s  a b o u t  n a t u r e .  J u s t  a s  s a c i c t y  is s p l i t  
between 'them' and ' u s ' ,  so t o o  n a t u r e  is div;ded i n t o  p u r i t y  and danger. 
The LTG message may appear t o  symbol i se  t h a t  p a r t  o f  n a t u r e  which is 
'good' - e s p e c i a l l y  as i . k  is s e e n  t o  b e  s i m i l a r l y  e x p l o i t e d  by t h e  larger 
s o c i e t y  from which t h e  peop le  i n  t h e  g roup  have wit.hdrawn. Alsc, K: 
shou ld  n o t e  t h a t  t h i s  cosmology is open to m i l l e n a r i a n i s m  - V;F: 
w i thd rawa l  f rom mainstream s o c i e t y  and i t s  rewards  means t h a t  t hese  
g r o u p s  are Irired by t h e  t h r e a t s  and p r o m i s e s  o f  m i l l e r i a r i a n  movements. 
A t  high-grid/iow-group, peop le  are i n s u l a t e d  from e a c h  o t h e r .  Tiii.3 
s o c i a l  i n s u l a t , $ m  p roduces  a .corresponding i n s u l a t i o n  between cognit:.: .; 
c a t e g o r i e s  and t h e r e f o r e  a low d e g r e e  of r e f l e x i v e n e s s .  Hence, therc? 
peop le  p a t c h  t o g e t h e r  a cosmology which is o f t e n  e c l e c t i c  an2 
c o n t r a d i c t o r y  and i n  which no dominant  t h e o r e t i c a l l y  e l a b o r a t e d  conce;>t 
o f  n a t u r e  or t h e  environment  is t o  b e  found. These peop le  could respond 
f a v o u r a b l y  to t h e  LTG message, or p a r t  of it, w i t h o u t  any  p a r t i c u l a r l y  
c o h e r e n t  reason.  
T h i s  o b v i o u s l y  makes it d i f f i c u l t  to  suggest what r e s p o n s e s  might be  
expected.  However, two p o s s i b l e  t e n d e n c e s  - which are noticab1.y 
d i s p a r a t e  - are p a s s i v i t y  and m i l l e n a r i a n i s m .  In o t h e r  words, some of 
t h e s e  peop le  nay j u s t  a c c e p t  t h e  message as t r u e  w i t h o u t  s e e k i n g  to 
q u e s t i o n  i t ,  w h i l s t  o t h e r s  m y  see i t  a s  a n  omen of some sudden and t o t a l  
t r a n s f o r m a t i o n  which they  expected. I n  fact, we w i l l  have  to r e t u r n  to 
t h i s  cosmology when we d e a l ,  i n  t h e  f i n a l  s e c t i o n ,  w i t h  d e e p e r  q u e s t i o n s  
c o n c e r n i n g  t h e  s o c i o - p s y c h o l o g i c a l  roots of b e l i e f .  
I n  contrast, a t  t h e  other extreme - low g r i d  - t h e r e  is a c h a r a c t e r i s t i c  
h i g h  d e g r e e  of r e f l e x i v e n e s s ;  t h e r e  is a tendency f o r  b o u n d a r i e s  to  b e  
made and broken a lmos t  a t  w i l l  and s c e p t i c i s m  is a dominant  t rait .  Here, 
t h e  c o m p e t i t i o n  between i n d i v i d u a l s  is s t r o n g  and exacting i n  its t o l l .  
Nature,  however, is i d e n t i f i e d  w i t h  a l l  t h a t  is i n n o c e n t  and pure,  and 
s t a n d s  is s t a r k  o p p o s i t i o n  t o  s o c i e t y .  Because o f  i t s  r e f i n e d  c r i t i ca l  
a p p a r a t u s ,  t h i s  cosmology is n o t  p rone  to millenarian t e n d e n c i e s  and 
peop le  who p r e d i c t  t h e  end of t h e  world are s u b j e c t  t o  much s c r u t i n y  and 
have to compete l i k e  t h e  rest to make t h e i r  v o i c e s  heard.  Here we should 
e x p e c t  to  f i n d  c r i t i c a l  s c i e n t i f i c  r e a c t i o n s  t o  t h e  models. 
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Within t h e  i n d i v i . d u a i i s t  environment  a t  low g r i d  Lie can i n  f a c t  
a i s t i n g a i s h  two o t h e r  v a r i a t i o n s  on i ts  cosmo;oejr. The f i rs t  r e p r e s e n t s  
t h a t  o f  a u t o c r a t s  who e x e r t  much c o n t r o l  o v e r  stiier peop le ;  a n  example 
3f t h i s  t y p e  o f  cosmology is  r e f e r r e d  to  by Douglas i s  "Big Man". T h e  B i g  
Man is a remte and powerful  l e a d e r  who is o f t e n  g e o g r a p h i c a l l y  
s e p a r a t e d  from t h e  b u l k  of h i s  fo l lowers .  
" h e  s u c z e s s f i i l  l e a d e r s ,  having s p i r a l l e d  f ree  of pe r sona1  
c o n s t r a i n t s ,  emerge i n t o  a r a r i f i e d  atmosphere *which has  something i n  
common wi th  t h e  world view of t h e  peop le  most h e a v i l y  s u b j e c t  t o  
e s n t r o l l i n g  p r e s s u r e s  i n  t h e  same s o c i e t y .  T h e i r  epherreral  s o c i a l  
c o n t a c t s  and i m p e r v i o u s n e s s  t o  p e r s o n a l  p r e s s u r e s  e m b l c  them t o  see t h e  
cosmos as a ra t iona l  o r d e r  n o t  dominated by peop le  b u t  by manipulable  
o b j e c t s .  These o b j e c t s  are t h e  imper sona l  ru'es which govern t h e i r  
t r a n s a c t i o n s .  T h e i r  world is n o t  c o n t r o l l e d  by independen t  g h o s t s  and 
wi t ches ,  or e v i l  men. There is no s in :  o n l y  s t u p i d i t y .  Human na ture  is 
d i v i d e d  between t h e  f o o l i s h  and t h e  wise, between ' t h o s e  who know' and 
t h e  others...For them it is a r a t i o n a l  world m o s e  laws are p e r f e c t l y  
i n t e l l i g i b l e  and unnrjsterious." Douglas ( 12 f 
So, t o  t h e s e  l e a d e r s ,  the world is r a t i o n a l  and is t o  be  e x p l o i t e d  f o r  
t h e i r  own purposes .  Douglas s u g g e s t s  t h a t  t h i s  cosmology h a s  much i n  
common w i t h  cer ta in  powerful  f igures  i n  modern . s o c i e t i e s  who view t h e  
world as a mora l ly  neut ra l  t e c h n i c a l  s y s t e m  which is a c c e s s i b l e  t o  t h e i r  
3wn r e s o u r c e s .  If t h e  message of t h e  world midela  appea led  t o  t h e s e  
people ,  we can e x p e c t  to f i n d  t h a t  t h e y  w u l d  respond w i t h  s u g p e s t i o n s  
fo r  i n c r e a s e d  regulat ion and control. Pa r the? ,  t h o s e  w i t h  a p a r t i c u l a r l y  
t e c h n o c r a t i c  p o i n t  o f  view would b e  b i a s e d  toward3 t h e  emphasis o f  
t e c h n o l o g i c a l  s o l u t i o n s  t o  t h e  p r o b l e m  r a i s e d  by t h e  sys t em 
dynamic is ts. 
However, we  might  a l s o  e x p e c t  to f i n d  negat ive r e s p o n s e s  i n  so far a s  t h e  
proposed g l o b a l  e q u i l i b r i u m  is c o n s t r u e d  as a t h r e a t  to c a p i t a l i s t  
interests. The low g r i d  cosmology demands freedom f o r  i n d i v i d u a l  
t r a n s a c t i o n s  and so t a l k  o f  r egda t ing  p r o d u c t i o n  - and t h u s  contracts 
or t r a n s a c t i o n s  - would tend to b e  r e s i s t e d .  
The f o l l o w e r s  of t h e  Big Man have q u i t e  a d i f f e r e n t  view of t h e  cosmos. 
Though thay  too see it as demarcated by imper sona l  rules,  t h e y  are 
oppres sed  by them. These  peop le  would b e  l o c a t e d  f u r t h e r  up g r i d  than  
t h e i r  l e a d e r s  and Douglas  refers  t o  t h e i r  cosmology as "strong g r i d " l 3 .  
The l e a d e r s  are p e r c e i v e d  as remte and powerful  figures. 
" R e c r u i t e d  and h a r n a s s e d  t o  a c o m p e t i t i o n  which seems t o  h o l d  gli t tering 
rewards  for a l l ,  the;. f i n d  themse lves  t r y i n g  to  work a complex system of  
rules...Whether it be  r u l e s  o f  monetary exchange, d e b t  and c r e d i t ,  o r  
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r-iles o f  e t i q u e t t e  arid h o s p i t a l i t y ,  t h e  s y s t e m  c o n s t i t u t e s  a n  o p p r e s s i v e  
grid." Douglas ( 14 
Douglas p o i n t s  o u t  t h a t  c e r t a i n  s e c t i o n s  o f  modern i n d u s t r i a l  s o c i e t i e s  
h a l e  similar p e r c e p t i o n s  o f  t h e  world. 
"Some more trian o t h e r s  feel their  i i v e s  c o n t r o l l e d ,  n 3 t  uy persuns,  o u t  
by t!iings. They wander t!irou& LI f o r e s t  o f  r e g u l a t i o n s ,  imponderablm? 
f o r c e s  are r e p r e s e n t e d  by f o r m  i n  t r i p l i c a t e ,  p a r k i n g  meters, 
i n e x a r a b l e  laws. Thei r  cosmos is dominated by o b j e c t s  o f  which they  and 
f e l l o w  humans are v ic t ims . "  Douglas ( 1 5 )  
F u r t h e r ,  she argues t h a t  p e o p l e  w i t h  s t r o n g  g r i d  c o s n o l o g i e s  are prone 
t o  r e c u r r e n t  o u t b u r s t s  o f  m i l l e n a r i a n  f e r v o u r ,  p e r i o d s  of b e l i e f  t h a t  
sone  total t r a n s f o r m a t i o n  of t h e  world is a t  hand. These p e o p l e  a l s o  
tend to i d e n t i f y  w i t h  mt~re.  For o u r  p u r p o s e s  here t k i s  has two 
i n t e r e s t i n g  f e a t u r e s .  F i r s t i y ,  some form of  union w i t h  n a t u r e  o f fe rs  a 
t a n t a l i z i n g  e s c a p e  from t h e  o p p r e s s i v e  g r i d  o f  s o c i e t y ;  s econd ly ,  t h e  
t o p i c a l  t h e n e s  which c e n t r e  upoz the t e c h n o l o g i c a l  e x p l o i t a t i o n  of 
n a t u r e  c a n  b e  s e e n  a s  a symbol o f  t h e  e x p l o i t a t i o n  expe r i enced  by these 
peop le  themselves .  
I n  c o n t r a s t  t o  ea r l i e r  c o n c e p t i o n s  of  n a t u r e ,  some g r o u p s  i n  modern 
s o c i e t y  ( n o t a b l y  t h o s e  o f  low group)  embrace a un ique  v i s i o n  o f  t h e  
n a t u r a l  world. What seem important, a b o u t  these m d e r n  c o n c e p t i o n s  is 
t h a t  n a t u r e  is no l o n g e r  viewed as a s o u r c e  of danger.  As Douglas p o i n t s  
ou t ,  natzre h a s  comi to be  s e e n  a s  a n  i n n o c e n t  p a r t y  rather t h a n  as a n  
i n s t r u m e n t  o f  God's revenge. (Peop le  sometimes, f o r  example, viewed 
a d v e r s e  weather a s  a r e a c t i o n  3f t h e  gods.) T h e  innocence o f  n a t u r e  is a 
r e f l e c t i o n  of t h e  a l l e g e d  innocence  o f  t h e  i n d i v i d u a l :  b o t h  are s e e n  to 
b e  murderously assaulted by s o c i e t y .  Hence, we can  s u g g e s t  t h a t  t h e  
message would a p p e a l  t o  t h e s e  peop le  because  i t s  stress on harmony w i t h  
n a t u r e  would r e s o n a t e  w i t h  the i r  own f e e l i n g s  v i s - a -v i s  s o c i e t y .  
I n  l i n e  w i t h  our d i s c u s s i o n  of compara t ive  method i n  Chap te r  Four, it is  
worthwhile  r e s t a t i n g  the  p o i n t  t h a t  t h e  l e v e l  of ' g r iddedness '  or  the  
s t r e n g t h  o f  'group' p e r t a i n i n g  to any g i v e n  cosmology is o n l y  
i n t e l l i g i b l e  w i t h i n  a c o m p a r a t i v e  framework. Thus, rather t h a n  s e e k i n g  
t o  i d e n t i f y  r e s p o n s e s  p u r e l y  on t h e  basis o f  cosmolog ies  viewed i n  
i s o l a t i o n ,  we must look f o r  d i f f e r e n c e s  i n  r e sponse  i n  r e l a t i o n  t o  
g r a d u a l  s h i f t s  i n  cosmology. To t h i s  end it is u s e f u l  t o  c o n s i d e r  some 
g e n e r a l  t r e n d s  w i t h i n  t h e  g r id -g roup  d i a g r a m  and t h e r e b y  use these as a 
basis f o r  i d e n t i f y i n g  d i f f e r e n t  r e sponses .  
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For example, we c a n  e n v i s a g e  a cont inuum of  r e s p o n s e s  runn ing  from a 
p l e a  f o r  u n - f e t t e r e d  growth a t  low g r i d / i o w  group to a no-growth 
p o s i t i o n  a t  h i g h  g r i d / h i g h  group. I n  b e t x e e n  :,!:ese tx,3 e x t r e m e s  N e  m u l d  
e x p e c t  t o  f i n d  a d v o c a t e s  o f  ba l anced  or d i r e c t e d  growth. 
,pro-growth no-growth 
d i r e c t e d  Enjwth 
( low g r i d / l o w  g r o u p )  <Ci&k!  grid?/nj.Gh g r o u p )  
F u r t h e r ,  runn ing  from t o p  ( h i g h  g r i d )  t3  bottom ( low g r i d ) ,  we would 
e x p e c t  a s h i f t i n g  emphasis between o r d e r  and l i b e r a t i o n .  T h i s  
d i f f e r e n t i a t e s  a n o t h e r  lcw-growth cosnol.ogy, on ly  t h i s  time t h e  stress 
would b e  on a n  a l t e r n a t i v e  s o c i e t y  based on i n d i v i d u a l  l i b e r a t i o n  or 
a l t e r n a t i v e  c o m u n i t i e s  r ï t h e r  t h a n  same fori; o f  world government a s  ak. 
high-grid.  
We have  now i n d i c a t e d  why and how, on t i e  b a s i s  o f  d i f f e r e n t  cosmologies ,  
v a r i o u s  g r o u p s  might  be  ?:rjx?cted t o  respond to t h e  w?:d models. I n  t h e  
f o l l o w i n g  s e c t i o n  we w i l l  d i s c u s s  szme a c t u a l  r e s p o n s z s  i n  c o n n e c t i o n  
wi th  t h e  e x p e c t a t i o n s  se t  o u t  here .  X e  w i i l  d i s c u s s  t h e s e  r e s p o n s e s  i n  
r e l a t i o n  to t h e  cosmology which a p p e a r s  t o  b e  he ld  by t h e  group or  
i n d i v i d u a l  i nvo lved ;  howmer,  i t  m i s t  be  s t a t e d  t h a t  we are n o t  o f f e r i n g  
a d e f i n i t i v e  i d e n t i f i c a t i o n  o f  t h e s e  cosmolog ies  because to d o  so would 
r e q u i r e  a d e t a i l e d  s t u d y  of t h e  p e o p l e  concerned. N e v e r t h e l e s s ,  we can 
d i s c e r n  i m p o r t a n t  cosmolog ica l  character is t ics  amongst these g r o u p s  and 
we contend t h a t  t h e s e  f - r m  a s u f f i c i e n t  b a s i s  f..:, u n d e r s t a n d i n g  their 
p a r t i c u l a r  i n t e r p r e t a t i o n s  o f  t h e  message. Also, it must b e  noted t h a t  we 
are n o t  s e e k i n g  to o f f e r  a p r e c i s e  d e s c r i p t i o n  of t h e  social  environrrcnt  
from which d i f f e r e n t  respon385 ensue. T i i s  is i n  l i n e  w i t h  what we s a i d  
a b o u t  making i n d i v i d u a l  p r e d i c t i o n s  x i t h  t h e  g r id -g roup  diagram i n  
Chap te r  Four, b u t  it d o e s  not a f fec t  t n e  d i f f e r e n t i a t i o n  of r e s p o n s e s  
a c c o r d i n g  to cosmological b e l i e f s ;  i~t merely r e q u i r e s  u s  to o b s e r v e  t h e  
p o s s i b i l i t y  t h a t  a n  i n d i v i d u a l ' s  b e l i e f s  are n o t  n e c e s s a r i l y  a lways 
c o r r e l a t e d  w i t h  t h e  social environment  i n  which h e  o r  s h e  r e s i d e s .  
Indeed, it is p e r f e c t l y  p o s s i b l e  f o r  a pe r son  i n  a g i v e n  social  l o c a t i o n  
t o  a r t i c u l a t e  a cosmology which a c t u a l l y  c o r r e s p m d s  t o  a d i f f e r e n t  
social environment.  I n  o t h e r  words, we may well b e  d e a l i n g  wi th  t h a t  
person 's  wished-for  p a t t e r n  of social  relations. iiowever, w e  would s t i l l  
e x p e c t  Douglas' t h e o r y  t o  hold i n  a s  much as s p e c i f i c  c o n f i g u r a t i o n s  of 
b e l i e f s  w i l l  s t i l l  b e  found t o g e t h e r .  For example, one is u n l i k e l y  to 
f i n d  a d v o c a t e s  of  zero-growth who t h i n k  t h a t  n a t u r e  shou ld  b e  dominated 
and c o n t r o l l e d  by technology. Thus, we Seek to e x p l a i n  var ious  r e s p o n s e s  
t o  t h e  message on t h e  b a s i s  o f  d i f f e r e n t  i n t e r p r e t a t i o n s  which are 
r e f r a c t e d  th rough  t h e  cosmology h e l d  by t h e  p a r t i c u l a r  g r u u p s  invo lved  - 
whethe r  t h a t  cosmology legit imates t h e i r  act::ai s o c i a l  l o c a t i o n  or is 
used as a r e s o u r c e  to j i l s t i f y  t h e i r  wish f o r  a d i f f e r e n t  s o c i a l  
l o c a t i o n .  
In t h i s  s e c t i o n  we w i l l  c o n s i d e r  some d i f f e r e n t  r e s p o n s e s  t o  t h e  
message; most of t h e  examples we have  t aken  wcre g e n e r a i l y  f a v o u r a b l e  t o  
the  message, o r  p a r t  of it. However, we w i l l  e n i e a v o u r  t o  h i g h l i g h t  t h e  
s imi la r i t i es  and d i f f e r e n c e s  between t h e n  
We may b e g i n  by c o n s i d e r i n g  several r e s p o n s e s  which are r o o t e d  i n  
v a r i o u s  i d e a s  of ' a u t h o r i t a r i a n '  u t o p i a s  - i.e. a i t e r n a t i v e  s o c i a t i e s  
based upon c e n t r a l i s e d  a d t h o r i t a r i a n  c o n t r o l  - where i n  3'ir terms g r i d  
and group xould b e  s t r o n g .  F i r s t l y ,  we can c o n s i d e r  t h e  ca3e o f  Ophuls 
who s a i d  of t h e  LTG message: 
+ 
"Admittedly on ly  c r u d e  f i rs t  e f f o r t s ,  t h e s z  computer s i m u l a t i o n s  o f  t h e  
g l o b a l  ecosys t em n e v e r t h e l e s s  p r o v i d e  a g r a p h i c  p i c t u r e  of t h e  way i n  
which e x p o n e n t i a l  growth is r a p i d l y  t h r u s t i n g  up a g a i n s t  n a t u r a l  l i m i t s ;  
t h e y  seem t o  show t h a t  o n l y  q u i t e  r a d i c a l  c h a n g e s  i n  p o l i c y  w i l l  a l l o w  
u s  t o  a v o i d  c a t a s t r o p h i c  s i t u a t i o n s  i n  t h e  i n e v i t a b l e  t r a n s i t i o n  from 
growth to equi l ibr ium."  ( 1 7 )  
Uptiiils' proposed s o l u t i o n ,  which he sees a s  t i n p a l a t a b l e  b u t  n o n e t h e l e s s  
n e c e s s a r y ,  is t o  e s t a b l i s h  L e v i a t h a n  - i n  u t n e r  words, t o  b u i l d  u> g r i d  
and group. 
"Only a Hobbesian sovereign c a n  d e a l  w i t h  t h i s  s i t u a t i o n  e f f e c t i v e l y ,  
and we are l e f t  w i t h  t h e  problem o f  d e t e r m i n i n g  t h e  c o n c r e t e  s h a p e  of 
Leviathan." Ophuls (18) 
Another  u t o p i a n  v i s i o n  is p rov ided  by the B l u e p r i n t  f o r  S u r v i v a l  which 
has p u b l i s h e d  i n  1972 and r e s o n a t e d  w i t h  many of t h e  issues r a i s e d  by 
t h e  system d y n a m i c i s t s l g .  In fact, t h e  B l u e p r i n t  borrowed t h e  r e su l t s  
from t h e  world mode l l ing  p r o j e c t  i n  o r d e r  to b o l s t e r  its own case. 
Goldsmith,  a co -au thor  o f  B l u e p r i n t  and e d i t o r  of The E c o l o g i s t ,  t h u s  
responded f a v o u r a b l y  to t h e  message. 
"The on ly  s e n s i b l e  r e a c t i o n  to t h e  B l u e p r i n t  f o r  S u r v i v a l  and t h e  L i m i t s  
t o  Growth is t h a t  t h e i r  c o n c l u s i o n s  are o b v i o u s  - p a i n f u l l y  obvious." 
Goldsmith (20)  
For a b r o a d e r  d i s c u s s i o n  o f  s u c h  u t o p i a n  r e c i . p e s  see O'Riordan (16) .  
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The p i c t u r e  of t h e  u t o p i a  w h i c h  emerges from B1:ieprint  i s  again a r a t h e r  
a u t h o r i t a r i a n  one. Though Goldsmith is fn.voiirable b w a r d s  suli-scale 
communities h e  sees them as be ing  i n t e g r a t e d  i n t o  a n  overall soc i a l  
s y s t e m  which is marked by Iiierarckq and o r d e r ,  and i n  which i n d i v i d u a l s  
are d i f f e r e n t i a t e d  i n t o  d i f f e r e n t  n i c h e s .  
" U n d i f f e r e n t i a t e d  i n d i v i d u a l s  compet ing f o r  t h e  same e c o l o g i 2 a l  n i c h e  
c a n c o t  co -ope ra t e  i n  any way ... It is o n l y  when as  a result. o f  
c o m p e t i t i o n ,  they have been found to s p e c i a l i s e  i n  such  a way t h a t  each 
one l e a r n s  t o  e x p l o i t  a d i f f e r e n t  sub-niche,  t h a t  c o - o p e r a t i o n  is 
p o s s i b l e . , . ~ o n p e t i t i o n  is t h e  a e a n s  whereby a h i e r a r c h y  is set up. I n  t h e  
r i g h t  conditions. . . the competing i n d i v i d u a l s  e i r e n t u a l l y  arrange 
t h e m s e l v e s  so as t o  c m s t i t u t x  a h i e r a r c h y  and l e a r n  to a c c e p t  t h e i r  
r e s p e c t i v e  p o s i t i o n s  w i t h i n  t h i s  hierarchy. ' '  Goldsmith ( 2  1 ) 
I n  fact ,  C o t g m v e  h a s  obse rved  t h a t  Goldsmith's  v i ews  r e p r e s e n t  a 
t r a d i t i o n a l  view of c o m w n i t y  which is c h a r a c t e r i s e d  by e x p l i c i t  form 
of a u t h o r i t y  and h i e r a r c h y ,  and a b e l i e f  i n  natura: d i f f e r e n c e s  and 
- i n e q ; i a l i t i e s ;  f u r t h e r ,  i n  t h i s  v i e w  t h e  p u r p o s e s  of s o c i e t y  and n a t u r e  
are c l o s e l y  witched and 50 t h e  o p t i m a l  socia: o r g a n i s a t i o n  a l l o w s  
peap le ' s  ' t r u e '  na ture  t o  exer t  i t se l fzz .  These  b e l i e f s  of c o u r s e  e c h o  
w i t h  o u r  ea r l ie r  d e s c r i p t i o n  of h i g h  g r i d / h i g h  gruu? cosmoiog ies  i n  
Chap te r  Four. 
Another  writer w i t h  s i m i l a r  v i ews  is Hardin23who also responded 
p o s i t i v e l y  to t h e  models. 
"The book i3  r e c e i v i n g  wide n o t i c e  and t h o u g h t y u l  d i s c u s s i o n .  P e r h a p s  
t h i s  time t h e  message w i l l  b e  remembered. Perhaps,  t h i s  time Cassandra 
w i l l  b e  be l i eved .  Let u s  hope so." Hardin ( 2 4 )  
In h i s  The Tragedy of t h e  C o r n o n ~ * ~  Hard in  ca l l s  f o r  mutual  c o e r c i o n  to 
e n f o r c e  p o p u l a t i o n  c o n t r o l .  Cotgmve2'views t h i s  p a p e r  a s  a forceful 
e x p r e s s i o n  of t h e  "emphasis on o r d e r  and t r a d i t i o n a l  a u t h o r i t y  emerging 
from t h e  will of  t h e  community". 
"The most i m p o r t a n t  a s p e c t  of n e c e s s i t y  t h a t  we must now recognize, is 
t h e  n e c e s s i t y  of abandoning t h e  commons i n  breeding.  No t e c h n i c a l  
s o l u t i o n  can rescue u s  from t h e  mise ry  of  ove rpopu la t ion .  Freedom t o  
breed w i l l  b r i n g  ruin to a l l .  A t  t h e  moment, to a v o i d  ha rd  d e c i s i o n s  many 
of u s  are tempted to p m p a g a n d i z e  f o r  c o n s c i e n c e  and r e s p o n s i b l e  
parenthood. The temptation must b e  r e s i s t e d ,  because an a p p e a l  t o  
i n d e p e n d e n t l y  acting c o n s c i e n c e s  s e l e c t s  for t h e  d i s a p p e a r a n c e  of a l l  
conscience i n  t h e  l o n g  run, and an i n c r e a s e  i n  a n x i e t y  i n  t h e  short ."  
Hardin (27 ) 
Again, i n  s i m i l a r  v e i n  t o  Ophuls, Hardin argues t h a t  it is n e c e s s a r y  to 
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cede  power t o  a h i e r a r c h j  of "cus tod ians" .  
Iu[B]ut how d o  we leg is la te  temperan-e? Exper i ence  i n d i c a t c s  t h a t  i t  can 
b e  accomplished b e s t  t h rough  the c e d i a t i o n  of a d m i n i s t r a t i v e  law. We 
l i m i t  p o s s i b i l i t i e s  u n n e c e s s a r i l y  if we supposs  t h a t  t h e  s e n t i m e n t  o f  
Q u i s  c u s t o d i e t  d e n i e s  u s  t h o  use  of a d m i n i s t r a t i v e  law. WE should r a t h e r  
r e t a i n  t h e  p h r a s e  as a p e r p e t u a i  r eminde r  o f  F l a r f u l  d a n g e r s  we canno t  
avoid.  The great cha l l . enge  f a c i n g  u s  now is t,, i n v e n t  t h e  c o r r e c t i v e  
f e e d b a c k s  t h a t  are needed to keep c u s t o d i a n s  honest,. We must f i n d  ways 
t o  legitimate the needed ai i thorf . ty  o f  b o t h  t h e  c l i s t o d i a n s  and t h e  
c o r r e c t i v e  feedbacks." Hardin (28 )  
I n  Chap te r  Four o u r  comparati .?e a n a l y s i s  between SPRU and SDC 
i l l u s t r a t e d  a cosmology which 'was a t  lower  griY and group t h a n  t h a t  o f  
t h e  s y s t e m  dynamiCiStS. SPRU are committed t o  d i r e c t e d  growth and a 
s i m i l a r  v i e w  is s h a r e d  by B r a y ,  a Labour MP an: a member o f  t h e  Club o f  
Rome, who a lso  r e j e c t e d  t h e  message o f  t h e  wor.ld models. Reviewing - The 
L i m i t s  t o  growth h e  s t a t e d :  
"There may s e l l  b e  a r o l e  f o r  s i m p l e  g l o b a l  matt?:rial f low models, even o f  
t h e  s i m p l i c i t y  of t h a t  i n  t h i s  book, b u t  have any  p r a c t i c a l  
i m p l i c a t i o n s  f o r  p o l i c y  they  w i l l  have to b e  more f i r m l y  based i n  
r e a l i t y ,  and b e t t e r  l i n k e d  w i t h  t h e  more ernpiex systems behav iour  
models which uan has found n e c e s s a r y  t h r o u g h o u t  ? i is tory."  Bray (29)  
Rejecting t h e  ca l l  for z e r o  growth, h e  advoca ted  giowth to meet human 
needs. 
"[T]he c o n t i n u e d  growth o f  GNP...is needed to nee t  t h e  many human needs  
i n  a l l  n a t i o n s ,  i n c l u d i n g  p r o v i s i o n  f o r  a n p i u l y  expanding p o p u l a t i o n  
f o r  t h e  n e x t  50 t o  100 years .  I n  p r a c t i c a l  h u m n  and p o l i t i c a l  t e rms  it 
is m c h  easier to r e d r e s s  s e r i o u s  i n e q u a l i t i e z ,  and to p r o v i d e  f o r  new 
n e e d s  w i t h i n  n a t i o n s  and between n a t i o n s  L f  men f ee l  t h e i r  own 
c o n d i t i o n s  o f  l i f e  are improving...1í Bray ( 3 0 )  
Another  e x p r e s s i o n  of t h e  need f a r  c o n t r o l l e d  growth can b e  found i n  
C a t a s t r o p h e  or  New Society, a r q p o r t  on i c 9 i n t e r - m o d e l l i n g  p r o j e c t  
conduc ted  by a group i n  L a t i n  ber ica3 ' .  In t h i s  p r o j e c t  - which was a 
reaction t o  t h e  pessimism of  LTC - t h e  a b  was t o  e x p l o r e  t h e  t r a n s i t i o n  
from t h e  p r e s e n t  world ecommy towards one  i n  which r e s o u r c e s  would b e  
a l l o c a t e d  to meet ing b a s i c  needs f o r  a l l  people .  I n  o p p o s i t i o n  to t h e  
views c h a r a c t e r i s e d  by LTG we f i n d  t h e  statement: 
"The stance o f  t h e  p r e s e n t  a u t h o r s  is r a d i c a l l y  d i f f e r e n t :  i t  is argued 
t h a t  t h e  major problems f a c i n g  s o c i e t y  are n o t  p h y s i c a l  b u t  
s o c i o p o l i t i c a l .  These problems are based on t h e  uneven d i s t r i b u t i o n  of 
power, bo th  be'ween and w i t h i n  n a t i o n s .  The r e s u l t  is o p p r e s s i o n  and 
a l i e n a t i o n ,  l a r g e l y  founded on e x p l o i t a t i o n .  The J e t e r i o r a t i o n  of t h e  
:x 
i>hys ica l  environment  is n o t  a n  i n e v i t a b l e  consequence of h u m n  proqrL:h, 
b u t  t h e  r e s u l t  o f  s o c i a l  o r g a n i z a t i o n s  based on d e s t r u c t i v e  values.' ' 
( 321  
What o f  t h e  cosmology o f  t h e  "Big Man": t h i s  is t o  be found a m n g s t  o t h e r  
o b j e c t o r s  t o  t h e  nessage who c a l l e d  f o r  u n f e t t e r e d  growth; t h e s e  were 
t e c h n o c r a t s  and l e a d e r s  o f  large c o r p o r a t i o n s  - a d v o c a t e s  o f  
u n r e s t r a i n e d  economic f o r c e s  and t h e  market  economy. Such a p o s i t i o n  
which c a l l e d  f o r  g m w t h  p e r  se was r e p r e s e n t e d  by Caines,  s e n i o r  v i c e -  
p r e s i d e n t  and econonis t  fo r  b n u f a c t u r e s  Hanover T r u s t .  In The Doomsday 
Debate h e  wrote: 
" I t  is gmwth ,  a f t e r  all t h a t  w i l l  p r o v i d e  t h e  p r o d u c t s  and services 
needed to e l i m i n a t e  M ~ L  worldwide and to reduce  p o l l u t i o n  w i t h o u t  
r e d u c i n g  t h e  real scale of l i v i n g  of people.  Also, growth p r o v i d e s  t h e  
i n c e n t i v e  f o r  t e c h n o l o g i c a l  b r e a k t h r o u g h s  t h a t  w i l l  r e s t r a i n  wr 
consumption o f  l i m i t e d  r e s o u r c e s  by deve lop ing  economica l ly  u s a b l e  
s u b s t i t u t e s . "  ( 3 3 )  
Creenbe rge r  ( e t  a l )  p o i n t  t o  an  a d v e r t i s e m e n t  headed "Can t echno logy  
s o l v e  t h e  p r G b l e m  caused by technology?" - c a r r i e d  by S c i e n t i f i c  
American on b e h a l f  o f  a Japanese  company - i n  which it is c l a imed  t h a t :  
"[I]t is t h r o u g h  b e t t e r  technology t h a t  man w i l l  solve t h e  problems 
caused by i n d u s t r i a l  p rog  .ress...We don't claim Chiycda h a s  a l l  t h e  
answers.  Bu t  we d o  fee l  ou r  1,800 engineers and scientists and t h o s e  a t  
o t h e r  technology-minded companies around t h e  world p r o v i d e  hope. With 
community suppor t ,  we c a n  make t echno logy  so lve  t h e  problems caused  by 
technology." ( 3 4  1 
T h i s  company wifs s a i d  to be  t h e  largest  engineering concern i n  Asia, and 
i t s  message s t a n d s  a s  ar, unambiguous statement of t e c h n o l o g i c a l  
optimism. 
Another  example o f  t h e  " B i g  Man" cosmology is p e r h a p s  t o  b e  found i n  
Pecce i ,  t h e  head of t h e  Club of  Rome. He i m p l i e s  t h a t  the  world h a s  a 
ra t iona l  f o u n d a t i o n  b u t  t h a t  man's evolu t ion  h a s  lagged behind h i s  
powers of d e s t r u c t i o n .  
ff[Man] is presumably t h e  on ly  p l a n e t a r y  s p e c i e s  aware o f  h i s  OM 
pred icamen t  and w i t h  t h e  p o t e n t i a l i t y  o f  s e l f - d w e l o p m e n t ,  y e t  t h e  v e r y  
f o r c e s  o f  h i s  n a t u r e  which have r a i s e d  him above t h e  a n i m a l s  weigh 
aga ins t  d e l i b e r a t e  self-evolution...Our d e s t i n y  is in o u r  own hands; how 
c a n  we learn to achieve it." P e c c e i  (35) 
He d i d  n o t  g ive  u n q u a l i f i e d  s u p p o r t  to t h e  message o f  t h e  world models, 
which had after a l l  been commBioned by t h e  Club, b u t  r a t h e r  saw it a s  a 
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way o f  g r a b b i n g  t h e  sip3rld's a t t e n t i o n .  
"[The Club 's]  i m a e d i a t e  purpose 'was thlus t e m p o r a r i l y  s h i f t e d  from tile 
sear-h f o r  answers  t o  b a s i c  q u e s t i o n s  t o  t,he search f o r  a I r v i c e  c a p a b ì e  
of open ing  a bi.ea;:n i n  t h e  h e a r t s  and nlln~!;: oE people,  31' :;i.iusing tnelr .  
awâreness  t o  t h e  complex i ty  and :ser iousness  a f  t i i t .  d ~ r W  ;>i.shlematiq!ie. 
A f t e r  long c o n s i d e r a t i o n ,  a c o m a n d o  operat,:rii WUY 3eci~ie:i upon, i n  t c c  
hope t h a t  i t s  r a p i d  t a c t i c a l  s u c 2 e s s  :dgi?t ilare s t r a t e g i  onseqJenre?." 
( 3 6 )  
Peccei  ï a s  n c t  a n  advoca te  of z e r o  g i o w t t i  and h e  eschewz3 t h e  t y p e  ->? 
moral  s tance  an5 view o f  natura ' .  Laws ty2, i . f ied by  Forrz-=i;er. Thus, !E 
d o e s  n o t  so mies b e l i e v e  i n  human s i n  sci m : ~ h  as  i;utwn s t u p i d i t y .  
"The s t ruggle  to s u r v i v e  has c u l t i v a t e d  %%gress ive  : e ! i a r a c % r i s t i c J ,  
v a n i t y ,  greed, d e s i r e  f o r  power, etc. h b i c h  arc not, t h e  ej.crients c n  &iir:b 
to b u i l d  t h e  wisdom h e  now r e q u i r e s . "  P e c c e i  (37 ) 
Cotgrove draws a t t e n t i o n  t o  t h e  f ac t  t h a t  some of t h e  enrironrnentali.s*, 
g r o u p s  d i s p l a y e d  t i nges  o f  Khat h n n h e i m  d e s c r i b e d  us ' o r g i a s t j . 2  
chil-iasm'. T n i s  refers t o  f e e l i n g s  of c c a t a t i c  immediacy M i - h  centre cri 
t h e  i d e a  t ha t  a sudden and to ta l  t r an . s fo ima t ion  of t h e  m r l d  is a t  tiand. 
Thi3 is a c h a r a c t e r i s t i c  which iz found amngst 5=iae ci l . i r !m?ian g r o u p s  
on3 it can b e  d i s c e r n e d  to a v a r y i n g  degree a:mngs: c o r t a t i  s u p p o r t e r s  
of t h e  LTG message. For example, it c m  h i  -91-n i n  a mil83 fori: i n  t h e  
p u b l i c a t i o n  :;onards Survi?& which gave  4tial:fied sUp?ort t o  some 
a s p e c t s  of t h e  world mode l l ing  effort .  h o t a b l y ,  it s o u g h t  t o  draw 
membership from t h o s e  wbc "are a l r e a d y  convinced, fro.3 t h e i r  own 
t h i n k i n g ,  r e a d i n g  and 0bscrvi.rig t h e  world around them, t h a t  w e  are 
e n 5 e r i n g  t h e  most c ruc ia l  p e r i o d  i n  t h e  h i s t o r y  o f  mankind"3a. To t a k e  a 
more t e l l i n g  example, we c a n  t u r n  Lo Al l aby  tibo was one o f  t h e  c o - a u t h o r s  
o f  t h e  B l u e p r i n t  f o r  S u r v i v a l .  - He a l s o  t h e r e f o r e  looked upon t h e  LTG 
f a v o u r a b l y  and h e  wds convinced t h a t  American s o c i e t y  cou ld  b e  reformed 
i n  a p e r i o d  of time, wi th  far r e a c h i n g  r a m i f i c a t i o n s  for  t h e  
Western worïd39. He viewed t h e  er lvironmental  nwement a s  a k ind  of 
r e v o l u t i o n ;  i n t e r e s t i n g l y ,  it M S  t o  b e  l i k e  a " r e l i g i o t i s  c o n v e r s i o n "  
r a t h e r  t h a n  a v i o l e n t  p o l i t i c a l  upheaval .  
"Their r e v o l u t i o n  may i n v o l v e  a cer ta in  amw?.int o f  v i o l e n c e ,  b u t  t h i s  
w i l l  b e  a c c i d e n t a l  and i n c i d e n t a l :  t h e r e  diL1 b e  no b a r r i c a d e s ,  blood 
w i l l  n o t  flow i n  t h e  streets. The env i ronmen ta l  r e v o l u t i o n  w i l l  b e  
g e n t l e r  and more v i o l e n t  t h a n  t h a t ,  f o r  i t s  t a r g e t  is t h e  v e r y  f a b r i c  of 
s o c i e t y  i t s e l f .  It can succeed on ly  i f  i t  changes  t h e  h e a r t s  o f  t h e  
m a j o r i t y  of men..The r e v o l u t i o n  i n  t h i s  sense is m c h  Nore a k i n  to a 
r e l i g i o u s  conve r s ion ,  a ' t u r n i n g  a b o u t  a t  t h e  seat o f  consciousness ' . ' '  
A l l aby  ( 4 0 )  
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These examples p r u v i d e  ev idence  f o r  t h e  mi l lenar ian  i n t e r p r e t a t i o n s  
which œ y  emerge w i t h  i n s u l a t e d ,  s t r o n g  g r i d ,  9r small g roup  cosmologies.  
The LTG messsge appea red  to c o n f i r m  t h e  mil lenar ian o u t l o o k  to which 
these g r o u ? s  were prone. F u r t h e r ,  we  might add t h a t  t h e  t empora l  
u n c e r t a i n t y  p e r t a i n i n g  to t h e  d a t e  of t h e  p r e d i c t e d  c a t a s t r o p h e  would 
r e s o n a t e  w i t h  t h e  millenariari's s e n s e  of immediacy - t h e  e x a c t  t iming of 
t h e  t o t a l  t r a n s f o r m t i o n  is unknown, b u t  i t s  s igns  are  a l r e a d y  a t  hand, 
it is immanent. 
The LTG found a ready aud ience  amongst many o t h e r  g r o u p s  w!io were o f t e n  
a s s o c i a t e d  w i t h  t h e  c o u n t e r - c u l t u r e  of t h e  time. These s e c t i o n s  o f  t h e  
e m ~ i r o n n - n t a l .  movement have  been t h e  s u b j e c t  o f  a l a r g e  i n v e s t i g a t i v e  
l i t e r a t u r e 4 ' a n d  though we canno t  refer to s p e c i f i c  named g r o u p s  w e  can 
draw upon t h i s  m a t e r i a l  i n  o r d e r  to p a i n t  a general  p i c t u r e  of t h e i r  
reactions. 
Some g r n u p s  expcuwied v i e w s  which were a lmos t  t h e  complete  a n t i t h e s i s  o f  
t h e  ai113 of t h e  t r a d i t i o n a l  e n v i r o n m e n t a l i s t s .  :stgrove l a b e l s  t h e s e  
peo3 le  as l i b e n l  e n v i r o n m e n t a l i s t s  ( t h i s  dichotomy c o r r e s p o n d s  t o  t h e  
o r d e r / l i b e r a t i o n  d i s t i n c t i o n  we made i n  reference to t h e  g r i d l g m u p  
diagram).  
"By c o n t r a s t ,  t h e  ' e c o - a c t i v i s t s ' ,  'eco-freaks',  and o t h e r  e n v i r o n m e n t a l l y  
o r i e n t e d  e x p r e s s i o n s  of t h e  c o u n t e r - c u l t u r e  are opposed to almost 
e v e r y t h i n g  t h a t  t h e  t r a d i t i o n a l  community s t a n d s  for. Indeed many o f  i t s  
a c t i v i t i e s  - t h e  c h a l l e n g e  to t r a d i t i o n a l  s e x u a l  e t h i c s ,  t h e  u s e  of 
d rugs ,  t h e  r e j e c t i o n  of h i e r a r c h y  and i n s t i t u t i o n a l i s e d  rule-governed 
b e h a v i o u r  i n  t h e  p u r s u i t  of  l i b e r a t i o n  - are amongst t h e  i n d i c a t o r s  of 
s o c i a l  pa tho logy  i;hich t r a d i t i o n a l  e n v i r o n m e n t a l i s t s '  r e a s s e r t i o n  of 
community s e e k s  t o  cure." Cotgrove ( 4 2 )  
However, d e s p i t e  t h e s e  i m p o r t a n t  d i f f e r e n c e s ,  l i k e  t h e  t r a d i t i o n a l  
e n v i r o n i w n t a l i s t s  these g r o u p s  t o o  were opposed t o  r e d u c t i o n i s t  modes 
o f  thought .  They b e l i e v e d  t h a t  t h e  a p p r e h e n s i o n  of t h e  ,world r e q u i r e d  a n  
e c o l o g i c a l l y  o r i e n t e d  h o l i s t i c  rsay o f  t h ink ing .  It is t h e r e f o r e  n o t  
s u r p r i s i n g  t h a t  t h e  world mode l l e r s '  conce rn  f o r  nature ,  coupled w i t h  
t h e i r  s y s t e m  approach,  should have  proved appea l ing .  
F i n d i n g  s o c i e t y  ( t h e  $entre)  o p p r e s s i v e ,  some l i b e r a l  e n v i r o n m e n t a l i s t s  
op ted  for  a s u r v i v a l  s t r a t e g y  which o f t e n  took one o f  two forms. F i r s t l y ,  
some formed b o r d e r  g r o u p s  o r  even withdrew i n t o  s e l f - s u f f i c i e n t  
c o m u n e s  and adop ted  a l t e r n a t i v e  p h i l o s o p h i e s  and i i f e s t y l e s  - 
sometimes w i t h  a strong r e l i g i o u s  o r i e n t a t i o n ,  t y p i c a l l y  c u l l e d  from 
E a s t e r n  thought'. These p e o p l e  became, o r  wanted t o  become, a small group 
o r  sect. Enzensbe rge r  r e f e r s  t o  them as "eco-freaks".  
"They l i v e  i') r u r a l  communes, grow t h e i r  own food, and s e e k  a ' n a t u r a l  
way o f  i ife ' . . .Their  class background c u r r e s p a i d s  t o  t h a t  o f  t h e  h i p p i e s  
o f  t h e  1960s - o f  r educed  midd le -c l a s s  o r i g i n ,  en r i ched  by e l e m e n t s  o f  
p e r  i p h e r a  1 g i w u j  s." Enzensb erger ( 4 3 ) 
Such p e o p l e  ho-id t y p i c a l l y  have come from s o c i a l  erivironments which 
were i q d i v i d u a l i s t  ( i n c l u d i n g  s t r o n g  g r i d )  o r  i n s u l a t e d .  The move to 
form g r o u p s  would a p p e a r  to show t h e  laGk of persnna: b m d s  and t h e  
e x 2 e r i e n c e  3f c o n t r o l  by imper sona l  r u l e s .  If members from i n d i v i d u a l i s t  
environments ,  t h e i r  a c t i o n  c o r r e s p m d s  t o  a r e j e c t i o n  of t h e  c c m p e t i t i o n  
i t  i n v o l v e s  - a renouncement of i ts r e w a r d s  and a l o n g i n g  to e s c a p e  i ts  
p r e s s u r e s .  
Once formed i n t o  sects, t h e  s e z t a r i a n s  would have p e r c e i v e d  a s t r o n g  
boundary between theinselves  and the o u t s i d e  ( t h e  centre). The 
c a t a s t r o p h e  p r e d i c t e d  by t h e  models would have been a power fu l  
ne in fo rcemen t  of k7-s boundary. Indeed,  Douglas suggests t h a t  t h e  
s t r o n g e r  t h e  boundary is, t h e  greater is t h e  d e g r e e  o f  h a t e  and 
vengeance wi th  i h i c h  p r o p h e t i c  t h r e a t s  ar2 loaded. Hence t h e  world 
models would hav2 been  a p p w l i n g  n o t  o n l y  Fuccajse they cou ld  b e  seen to 
2 u s t i f y  t h e  wi thd rawa l  from s o c i e t y ,  b u t  a l s o  because  they  r e s o n a t e d  
w i t h  t h i s  p o l r n t  element of small group  c o s s o l o g i e s .  I n  Risk and C u l t u r e  
Douglas  h e r s e l f  d i s c u s s e s  t h e  sectarian nature  of some e n v i r o n m e n t a l i s t  
g r o u p s  - s u c h  as F r i e n d s  o f  t h e  Earth.  They are c o n s i d e r e d  to a d o p t  
t y p i c a l  b o r d e r  strategies - " î t t a c k i n g  c e n t r e  p r o g r a m  on beha l f  o f  
n a t u r e ,  God, o r  t h e  w r l d  is a b o r d e r  s t r a t e g y " 4 4 .  F u r t h e r ,  s h e  asserts 
t h a t  
"Foe n n i n t a i n s  a n  a lmos t  u t o p i a n  v i s i o n  o f  f u t u r e  s o c i e t y  i n  w h i c h  all 
f o r m  o f  l i f e  will e x i s t  harmoniously w i t h o u t  p o l i t i c a l ,  economic, and 
t e c h n o l o g i c a l  res t ra ints .  We h e a r  t h e  sectar ian overtones of  love,  
cosmic u n i t y ,  and r e s i s t a n c e  to centre mrichinations." Douglas  and 
Wildavsky (45 ) 
k second s u r v i v a l  s t r a t e g y  was t o  'drop-out'  on a n  i n d i v i d u a l  b a s i s ,  
o f t e n  with the proposed aim o f  s e l f - d i s c o v e r y .  T h i s  was sometimes a l l i e d  
to t h e  u s e  o f  'mind-expanding' d r u g s  which would a l l e g e d l y  e n a b l e  t h e  
u s e r  to p e e r  b e n e a t h  t h e  msk o f  s o c i e t y  and d i s c o v e r  h i s  o r  h e r  t r u e  
u n i t y  w i t h  n a t u r e  and t h e  cosmos. To t h e s e  peop le  t h e  LTG message c o u l d  
have  r e i n f o r c e d  t h e i r  unease and encouraged p e r s o n a l  s u r v i v a l  a s  t h e  
As we saw i n  C h a p t e r  Four, Meadows t o o  spoke  o f  Eastern p h i l o s o p h y  and 
...................................................................... 
+ 
i ts  view of  n a t u r e .  
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most immediate task. But i t s  h o l i s t i c  approach  to t h e  r e l a t i o n s h i p  
betireen man a n d  n a t u r e  may a l s o  ha-Je been a l l u r i n g  because  it would seem 
t o  b e  d i v o r c e d  from t h e  c y ? r e s s i v e  r a t i o n a l i t y  & i i c h  such  peop le  
a t t r i b u t e d  t o  t h e  c e n t r e .  
I n  m s t  cases t h e s e  r e s p o n s e s  b e a r  o u t ,  and i n  no i n s t a n c e  r e f u t e ,  t h e  
g e n e r a l  s t y l e s  o f  t n e  e x p e c t a t i o n s  set o u t  i n  t h e  p r e v i o u s  s e c t i o n .  
Although we have o n l y  look& a t  a f e w  cosmolog ica l  c h a r a c t e r i s t i c s  it 
would of c o u r s e  b e  p o s s i b l e  - as  we d i d  i n  t h e  case o f  SPAU - t o  c a r r y  
o u t  a mre d e t a i l e d  a n a l y s i s .  
Though we h a v e  p r i m a r i l y  focused on t h e  d i f f e r e n c e s  b e t u e e n  r e s p o n s e s  t o  
t h e  models, t h e  s e l e c t e d  examples most ly  s h a r e  t h e  c o n v i c t i o n  t h a t  t h e  
p r e s e n t  worid s i t u a t i o n  is problematic .  F u r t h e r ,  t h e y  a l l  have  t h e i r  own 
p a r t i c u l a r  p r e s c r i p t i o n s  f o r  a b e t t e r  f u t u r e  - p r e s c r i p t i o n s  which may 
t a k e  t h e  form o f  a new u t o p i a  or a rev iva l  o f  t h e  u t o p i a  p e r c e i v e d  i n  
p a s t  t r a d i t i o n a l  s o c i e t i e s .  T h e  d i f f e r e n t  views - f rom t e c h n o c r a t i c  
o p t h i s m  and t h e  p r o m t i o n  cf u n r e s t r a i n e d  growth, t h r o u g h  t h e  i d e a  o f  
d i r e c t e d  growth an:. t h e  meeting of b a s i c  needs,  t.3 t h e  c a l l  f o r  a n  end 
gmwtn - are complemented by d i f f e r e n t  b e l i e f s  a b o u t  n a t u r e  and s o c i e t y .  
I n  concert, t h e s e  b e l i e f s  l e d  to var ious  i n t e r p r e t a t i o n s  o f  t he  world 
m o d e l l e r s '  ffiessage from which d i s p a r a t e  inferences w e r e  drawn. For 
example, we have  seen t h a t  t h e  i d e a  of e n d i n g  growth was a feature of t h e  
a u t h o r i t a r i a n  u t o p i a s  advcca ted  by Goldsmith,  Hardin,  and Opnuls, i n  
which man m u l d  y i e l d  to n a t u r a l  laws. Thus, t h e  mst p o s i t i v e  r e s p m s e s  
t o  t h e  message c o i n c i d e d  wi th  p o s i t e d  u t o p í a s  which, be ing  i m p l i c i t l y  
marked by s t r o n g  g r i d  and group, had something i n  c o m n  w i t h  t h e  
e q u i l i b r i u m  state adumbrated by t h e  s y s t e m  dynamic í s t s .  In c o n t r a s t ,  
t h o s e  who advoca ted  mre l i b e r t a r i a n  forms of u t o p í a  - i n  which g r i d  and 
group m u l d  presumably be weaker - p l a c e d  an emphasis upon d i r e c t i n g  
growth for human purposes .  
We migh t  also mention t n a t  t h e  focus  m s o c i e t y  as a s y s t e m i c  whole 
a p p e a r s  amongst many of t h e  r e s p m s e s .  As we impl i ed  earlier, t h e  s y s t e m  
view of s o c i e t y  may tend to negate the i d e a  of class c o n f l i c t s  and as 
s u c h  i t s  a p o l i t i c a l  - i f  not  s u p r a p o l i t i c a l  - stance a p p e a l s  t o  certain 
people.  
At a d e e p e r  p s y c h o l o g i c a l  level, it may b e  t h a t  t hey  s e i z e  u p m  t h e  L E  
message because  it a b s o l v e s  them o f  c o m p l i c i t y  i n  t h e  g l o b a l  problems 
w i t h  which they  are concerned. By ignoring t h e  role of confl ic t  amongst 
t h e  causes of contemporary p r o b l e m ,  peop le  can ignore t h e i r  own 
c o m p l i c i t y  i n  them - or a t  least  t h e i r  own i n d i v i d u a l  h e l p l e s s n e s s  i n  
t h e  face of s u c h  p r o b l e m  and c o n f l i c t s .  Of c o u r s e  t h i s  d o e s  n o t  mean 
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t h a t  such  gr3ups  a b s o l v e  themse lves  of blame e n t i r e l y .  Q u i t e  t h e  
c o n t r a r y ,  t h e  strsss upon system i n t e r d e p e n d e n c e  - o f t e n  a l l i e d  to t h e  
r h e t o r i c  o f  'we are  a l l  i n  t h e  same b o a t '  - admits  of  blame, b u t  because 
i t  is e q u a l l y  a p p o r t i o n e d  it t h e r e f o r e  becomes i t s  own nega t ion .  
Thus t h e  s u r f a c e  f e a t , J r e s  of d i f f e r e n t  r e a c t i o n s  c o n c e a l  c e r t a i n  
similari t ies.  I n  t h e  f o l l o w i n g  s e c t i o n  we w i l l  c o n s i d e r  d e e p e r  s o c i a l  
and p s y c h o l o g i c a l  :iec?s which u n d e r p i n  them. We w i l l  S e g i n  by d i s c u s s i n g  
t h e  m i l l e n a r i a n  o v e r t o n e s  of environmental ism.  We have s e e n  t h a t  f o r  
d i f f e r e n t  r e a s o n s ,  d i f f e r e n t  cosmolog ies  may b c  open b p r o p h e c i e s  of 
t h e  total t r a n s f o r m t i o n  of t h e  uo r id .  T h i s  b e g s  t h e  q u e s t i o n  of whether  
t h e  message 'caused'  a millenariar reac t ion  anongst  e n v i r o n m e n t a l i s t s  
and o t h e r s ? ,  or whether  it merely r e v e r b a r a t e d  amngst g r o u p s  whose 
m a r g i n a l i t y  had a l r e a d y  confirmed t h e i r  b e l i e f s  t h a t  a new world o r d e r  
has a t  hand? 
Our f i n a l  t ask  is t o  r e t u r n  t o  t h e  p a s s i v e  respwise to t h e  message which 
we d i s c u s s e d  i n  c o n n e c t i o n  wi th  i r t ' ic la ted cosmologies .  We are p r i m a r i l y  
i n t e r e s t e d  i n  t h e  u n q u e s t i o n i n g  a c c e p t a n c e  of t.he message and a 
w i l l i n g n e s s  t o  a d  j u s t  t o  i t s  p o l i c y  r?com.en?ations.  As w i t h  
m i l l e n a r i a n i s m  however, t h i s  t y p e  of r e s p o n s e  may n o t  be  c o n f i n e d  to t h e  
i n s u l a t e d  cosmology. We contend t h a t  t h e  m i l l e n a r i a n  and p a s s i v e  
r e s p o n s e s  s h a r e  some in te res t ing  c h a r a c t e r i s t i c s ,  even though me m y  
l e a d  to r a d i c a l  a c t i o n s  and t h e  o t h e r  d o e s  no t .  T h i s  is because they  both 
i n d i c a t e  t h e  s e a r c h  f o r  a b e l i e f  s y s t e m  which w i l l  endow t h e  world with 
meaning and coherence.  I n  o t h e r  words, t h e y  are based upon similar 
similar s o c i a l  and p s y c h o l o g i c a l  needs.  T h i s  is t h e  theme we e x p l o r e  i n  
t h e  l a s t  s e c t i o n .  
6.5 DEBWR SXIdL AüD PSYCBDLOGICAL QITgSTIOliS 
I n  h i s  d i s c u s s i o n  of t h e  LTG d e b a t e ,  Sandbach refers t o  Barkum's t h e s i s  
t h a t  t h e  env i ronmen ta l  movement was a m i l l e n a r i a r i  me4ó. Though a 
d e t a i l e d  examination o f  t h i s  i d e a  would g o  beymd t h e  s c o p e  o f  t h i s  
d i s s e r t a t i o n ,  n e v e r t h e l e s s  Barkurn's c o n j e c t u r e  d o e s  have  some r e l e v a n c e  
for anyone s e e k i n g  an u n d e r s t a n d i n g  of t h e  social  e f fec ts  o f  t h e  world 
models. 
Barkum l i n k s  m i l l e n a r i a n i s m  t o  d i s a s t e r s  and h a s  sugges t ed  t h a t  real or 
imaginary d i s a s t e r s  r e d u c e  peop le ' s  t h r e s h o l d  t o  s u s c e p t i b i l i t y  by 
e x p l o i t i n g  t h e i r  fears and anxieties. F u r t h e r ,  he a r g u e s  t ha t  peop le  are 
t h e n  more r e a d i l y  m v e d  to "abandon t h e  values o f  t h e  p a s t  and p l a c e  
t h e i r  f a i t h  i n  p r o p h e c i e s  o f  immanent and total t r a n s f o r m a t i o n n 4 7 .  
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Disasters may t a k e  m n y  forms; a u c n g s t  o t h e r s ,  a a r k u n  re fers  t o  riatura1 
c a t a s t r o p h e s ,  demographic s h i f t s ,  e o n o m i c  d e p r e s s i o n s ,  and 
i n d u s t r i a l i s a t i o n .  Rut  a i s o ,  he suggests t h a t  i n  some societies peop le  
e x p e r i e n c e  a prolonged s e n s e  of unease  a n d  u n c e r t a i n t y  ( a  non-specific.  
"sense of dread")  h h i c h  s i m i l a r l y  i n c r e a s e s  t h e  p l a u s i b i l i t y  of 
impending disaster.  
I n  refereme to America's r e c e n t  h i s t o r y  h e  desc r ibes  t h e  c u l t i v a t i o n  of 
a " d i s a s t e r  imaginat ion",  e l e m e n t s  of wh ich  in .c lude n u c l e a r  h o l o c a u s t ,  
ove r -popu la t ion ,  race war, and f x o l o g i c a l  imbalance.  Thus we c a n  see t h a t  
t h e  g l o b a l  c o l l a p s e  a s s o c i a t e d  w i t h  t h e  message of t h e  world models f i t s  
i n  wi th  t h i s  p i c t u r e  v e r y  well; t h e  c r e d i b i l i t y  and a p p e a l  o f  t h e  
message be ing  dependent  u p a i  i t s  e f f i c a c y  i n  touch ing  e x i s t i n g  fears and 
anxieties. Are we t'nen to c o n c l u d e  t h a t  t h e  world models h e l p e d  to  c a u s e  
a m i l l e n a r i a n  o u t j u r s t ?  I n  fact ,  t h i s  is t o o  s imple  a p i c t u r e  - t o  
u n z e r s t a n d  why, we must r e Î e r  ta Barkurn's theoret ical  assumptions.  
One major problem wi th  aarkum's t h e s i s  is t h a t  it stem from 
í b i c t i o n a l i s t  p r e m i s e s  and i n p l i e s  t h a t  t h e  normal c o n d i t i o n  of s o c i e t y  
is some k ind  o f  s t e a d y  state. Disasters, of wha teve r  form, are s e e n  t o  
d i s t u r b  t h i s  e q u i l i b r i u m  and p r e c i p i t a t e  m i l l e n a r i a n  o u t b u r s t s .  
Secondly,  whilst there m y  i ndeed  be a h i s t o r i c a l  c o r r e l a t i o n  between 
d i s a s t e r s  and mi l . l ena r i an  m v e m e n t s  t h e r e  is c o t  n e c e s s a r i l y  a c a u s a l  
r e l a t i o n s h i p .  
Another  view o f  m i l l e n a r i a n  m v e m e n t s  has  been  developed by Cohn'lSwho 
o f f e r s  a s o c i o - p s y c h o l o g i c a l  a c c o u n t  i n  which h e  seem t o  s u g g e s t  t h a t  
such  m v e m e n t s  are a c o l l e c t i v e  d e l u s i o n a l  a c t i o n ,  a form o f  pa rano id  
f a n t a s y  which seeks t o  a l l e v i i i t e  t h e  a n x i e t y  a t t e n d a n t  upon t h e  v a r i o u s  
c o n t r a r y  e x p e r i e n c e s ,  d e p r i v a t i o n s  and disasters  i n  t h e  societies i n  
which they  occur. In o t h e r  words, t h e y  are a means of  mee t ing  c e r t a i n  
p s y c h o l o g i c a l  need s. 
"This  phan ta sy  performed a real f u n c t i o n  f o r  them, both as an e s c a p e  
from their  i s o l a t e d  and atomized c o n d i t i o n  and as a n  emot iona l  
compensat ion f o r  t h e i r  ab jec t  status..." Cohn (49  ) 
Douglas  refers t o  Cohn and a r g u e s  f o r  a mre s o c i o l o g i c a l  i n t e r p r e t a t i o n  
of h i s  material - drawn l a r g e l y  from m i l l e n a r i a n  movements i n  t h e  
middle-ages. S h e  p i n p o i n t s  weakness of s o c i a l  s t r u c t u r e  as a common 
e l emen t  i n  t h e  movements he  h a s  documented. Douglas' a c c o u n t  o f  
m i l l e n a r i a n i s m ,  however, s t a n d s  i n  s h a r p  c o n t r a s t  t o  Barkurn's 
f u n c t i o n a l i s t  thesis. For her,  t h e  c o n t e x t u a l  s o u r c e s  o f  m i l l e n a r i a n i s m  
are l o c a t e d  i n  the  social  s t r u c t u r e  itself. Indeed,  c e r t a i n  societies 
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are c o n j e c t u r e d  to be  a c t u a l l y  prone to millemrimism. T h i s  s t i l l  
a l l o w s  a role f o r  e l e m e n t s  s u c h  as d i s a s t e r s ,  real isr imagined, and 
d e p r i v a t i o n s ;  b u t  i n  h e r  a n a l y s i s  t h e  r o l e  is t h a t  C j f  a t r i g g e r i n g  agen t  
ra ther  t h a n  a n  e x t e t m a l  p e r t u r b i n g  f o r c e  i n  a n  o t h e r w i s e  wel l -balanced 
system. T h i s  b r i n g s  u s  back t3 isur d i s c u s s i o n  i n  S e c t i o n  6.2 where we 
r e f e r r e d  to Douglas' i d e a  c h a t  t h e  "chasm" p e r c e i v e d  by t h e  e c o l o g i s t s  
is complemented by a chasm i n  knowlsdge i t s e l f ;  t h u s ,  t h e  m i l l e r E r i a n  
a s p e c t s  o f  env i ronmen ta l i sm are l o c a t e d  i n  t h e  lack of s t r u c t u r e  i n  
mod ern societies. 
"[F] o r  l a c k  of a d i s c r i m i n a t i n g  p r i n c i p l e ,  we e a s i l y  b s o m e  overwhelmed 
by o u r  p o l l u t i o n  fears...An u n s t r u c t i i r e d  m c i e t y  Iraveu a s  prey  to evei'y 
dread. A s  a l l  t h e  v e i l s  are s u c c e s s i v e l y  r i p p e d  away, t h e r e  is no r i g h t  
or wrong. R e l a t i v i s a  is t h e  o r d e r  o f  t h e  day." Douglas ( 5 0 )  
Douglas' p o s i t i o n  o f f e r s  a b e t t e r  &ay of c o n s i d e r i n g  t h e  - e l a t i o n s h i p  
between t h e  world models and t h e  m i l l e n a r i a n  f e a t u r e s  o f  
environmental ism.  She  c o n t e n d s  t h a t  t h e  l a c k  of s t r o n g  s o c i a l  
a r t i c u l a t i o n  l e a d s  peop le  a t  t h e  f r inges  of s o c i e t y  +a e x p r e s s  t h e i r  
m a r g i n a l i t y  i n  m i l l e n a r i a n  movements. I n  becoming c m v e r t e d  to such 
movements, peop le  e x p r e s s  t.he need f o r  a more meaningf.:: b e l i e f  system, 
one wtiich o f f e r s  redemption and an a l t e r c a t i v e  t o  t h e  l a c k  of  c o h e r e n c e  
i n  t h e i r  l i ves .  I n  t h i s  r a s p m t ,  t h e r e f o r e ,  t h e  m r l d  m d e l s  c a r r i e d  a 
message which m p p e d  m t o  t h e  coritemporary oi l lenar ia i i  t e n d e n c i e s  o f  
t h e  pe r iod .  The message shBc>uld n o t  be  z o n s i d e r e d  as a s o l i t a r y ,  
i ndependen t  t r i g g e r i n g  a g e n t  - a n  imaginar:. d i s a s t e r  a s  it were - b u t  a s  
a social  p r u d u c t  o f  t h e  times, and a knowledge resource f o r  symbol i s ing  
t h o s e  times, which bo th  e x p l a i n e d  them and p rov ided  a v i s i o n  f o r  t h e  
f u t u r e .  
I r o n i c a l l y ,  d e s p i t e  t h e  f a c t  t h a t  t h e  message !das t a k e n  up by v a r i o u s  
m i l l e n a r i a n  g roups ,  it was n o t  t h e  i n t e n t i o n  of t h e  sys t em d y n a m i c i s t s  
t o  promote mss c o l l e c t i v e  r a d i c a l  action. Rather ,  to a cer ta in  e x t e n t  
t h e y  s o u g h t  t o  s o l i c i t  i n d i v i d u a l  actions which would secure a f u t u r e  
e q u i l i b r i u m  states. To b e  sure ,  some d i d  draw r a d i c a l  c o n c l u s i o n s  from 
t h e i r  message, b u t  w i t h  F o r r e s t e r  i n  p a r t i c u l a r  we f i n d  a p r imary  
emphasis upon i n d i v i d u a l  v a l u e s ,  self  - res t ra int ,  and t h e  f o r t e i t  o f  
a s p i r a t i o n s .  T h i s  focus u p m  i n d i v i d u a l  ad j i i s tmen t  and s u b o r d i n a t i o n  t o  
t h e  r e q u i r e m e n t s  o f  t h e  proposed e q u i l i b r i u m  s o c i e t y  h a s  d i r e c t  
p a r a l l e l s  w i t h  t h e  h y p o t h e s i s  t h a t  systems a n a l y s i s  and p o p u l a r  eco logy  
have a u t h o r i t a r i a n  i m p l i c a t i o n s .  T h i s  i d e a  h a s  been echoed by a number 
o f  writers; or example, Lowe and Worboys assert t h a t  p o p u l a r  ecology 
r e p r e s e n t s  a d e e p l y  conservative r e s p m s e  to a p e r c e i v e d  crisis of 
a u t h o r i t y  i n  Western societies5'.  Also, w m i g h t  add  t h a t  t h e  
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development o f  s y s t e m  a r i a i y s i s  a n d  i t s  e x t e z s i o n  i n t o  many d i f f e r e n t  
areas o f  s o c i a l  management h a s  been seen by some as a r e f l e c t i o n  of 
i n c r e a s i n g  a u t h o r i t a r i a n i s m 5 2 .  
Whilst t h e  a u t h o r i t a r i a n  i m p l i c a t i o n s  of s y s t e m  a m l y s i s  and  p o p u l a r  
eco logy  are r e l e v a n t  t o  t h e  social  e f f e c t s  of t h e  world m d e l s ,  we 
canno t  hope to Cover so m c ì i  ground here. However, one importan: effect 
u h i c h  we c o n s i d e r  is t h e  u n q u e s t i o n i n g  i n d i v i d u a l  a d j u s t m e n t  
( though  p e r h a p s  on a mass s c a l e )  ta  t h e  message of t h e  world models. T h i s  
is p a r t i c u l a r l y  re levant  when we b e a r  i n  mind t h e  a u t h o r i t a r i a n  
O v e r t o n e s  o f  some o f  t h e  p o l i c y  racommendations e x p l o r e d  by F o r r e s t e r  . 
Whilst t h i s  t y p e  of r e sponse  is d i f f e r e n t  to  t h a t  o f  m i l l e n a r i a n i s m  i n  
term of t h e  social  a c t i o n s  which ensue, we con tend  t h a t  i t  m y  r e f l ec t  
some s i m i l a r  social and p s y c h o l o g i c a l  needs. F u r t h e r ,  l i k e  
ciilleriarianism t h i s  t y p e  cf r e s p o n s e  .my b e  deemed t o  b e  non- ra t iona l53 .  
For  example, it might  b e  a rgued  t h a t  t h e  LTG rcessage h a s  b o t h  a r a t i o n a l  
and n o n - r a t i o n a l  a s p e c t ;  i t  is r a t i o n a l  t o  b e  concerned a b o u t  t h e  
environment  b u t  argriably n o n - r a t i o n a l  t o  t i i ink t h a t  t h e  q u e s t i o n  of 
eco logy  or  t h e  environment  i.s above or  t . r jond p s l i t i c s .  
"If t h e  e c o l o g i s t s  are r i g h t  a b o u t  t h e  c r i s i s  facing s p a c e s h i p  E a r t h ,  
t h i s  is n o t  t h e  t ime  to m v e  beyond p o l i t i c s  o r  t o  end p o l i t i c s .  If t h e y  
are r i g h t ,  we are c h a l l e n g e d  to e x c r u c i a t i n g l y  p o l i t i c a l  d e c i s i o n s  a b o u t  
t h e  d i s t r i b u t i o n  ?f power on t h i s  planet ."  Neuhaus ( 5 4 )  
Our n o t i o n  of r a t i o n a l i t y  and n o n - r a t i o n a l i t y  should n o t  b e  t a k e n  i n  any 
a b s o l u t e  sense, f o r  it would b e  i n c o r r e c t  to d i s m i s s  c e r t a i n  s t r a n d s  of 
environmental ism,  i n c l u d i n g  t h e  world models, as n o n - r a t i o n a l  and  j u s t  
leave t h e  matter there. Ra the r ,  we shou ld  t r y  ia under s t and  a l l  b e l i e f s  
as a ' r a t i o n a l '  way of  cop ing  wi th  cer ta in  s i t , i a t i o n s .  We have  a l r e a d y  
s u g g e s t e d  t h a t  t h e  mechanisms o f  p r o j e c t i o n  and d i s p l a c e m e n t  h a v e  a 
b e a r i n g  upon t h e  a p o l i t i c a l  overtones o f  t h e  LTG message and it is t o  
t h e s e  and similar phenomena t h a t  we mst l o o k  to ga in  a n  u n d e r s t a n d i n g  
o f  t he  p a s s i v e  r e s p m s e .  
6.6 SïSïD4 DYNAMICS AND ASïROLocI 
Flow are we to unde r s t and  t h e  mix tu re  of r a t i o n a l i t y  and n o n - r a t i o n a l i t y  
i n  t h e  r e s p o n s e s  t o  t h e  L E  message? And, why should p e o p l e  respond 
p o s i t i v e l y  to i ts  a u t h o r i t a r i a n  i m p l i c a i o n s ?  I n  fact ,  t h i s  t y p e  of 
c 
I n  Chap te r  One we d i s c u s s e d  F o r r e s t e r ' s  po1i;:y o p t i o n s  for s e c u r i n g  
world e q u i l i b r i u m ;  h e  suggested,  f o r  example, a r e d u c t i o n  i n  food 
p roduc t ion .  
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r e a c t i o n  h a s  been d i s c u s s e d  b e f o r e  by t n e  c r i t i c a l  t h e o r i s t ,  Adorno, who 
s t u d i e d  v a r i o u s  mass movements i n  the !950s  w i t h  t h e  aim o f  
i n v e s t i g a t i n g  " the  m t u r e  and n o t , i v a t i o n s  o f  sone 13rae - sca l e  srtcial  
phenomem i n v o l v i n g  i r r a t i o n a i  e l e m e n t s  i n  a pLc\ili?r. m y  - f u s e d  w i t h  
what may b e  dubbed pseudo-rationcll i ty."55. 
One a s p e c t  of Adorno's work focused  upon tile c o n t e n t  o f  newspaper 
a s t r o l o g y  columns and v a r i o u s  a s t r o l o g i c a l  nayx i r i a s .  He m s  i n t e r e s t e d  
i n  the social and p s y c h o l o g i c a l  n e e d s  which they e x p l o i t e d  and s a w  
a s t r o l o g y  as a key to u n d e i s t a n d i n g  c e r t a i n  mass movements. A s t r o l o g i c a l  
be l ie fs  were s e e n  as a symp'bm of  s o n e t n i n g  t h a t  was o f  greater 
i m p o r t a n r e  within t h e  wider  c u l t u r e  of contemporary North American 
s o c i e t y .  
"[de want t o  a n a l y z e  a s t r o l o g y  i n  o r d e r  to f i n d  o u t  ghat it i n d i c a t e s  
as a 'symptom' o f  some t e n d e n c i e s  of o u r  societ; as we l l  as o f  t y p i c a l  
p s y c h o l o g i c a l  t r e n d s  a m n g s t  t h o s e  t h i s  s o c i e t y  embracer." Adr>rno (56 )  
Adorno viewed t h e  n o n - r a t i o n a l i t y  of t h e  s o u r c e  of a s t r o l o g i c a l  
knowledge a s  merely a ininor p a r t  of i t s  n o n - r a t i o n a l  c o n t e n t ;  h e  held 
t h a t  t h e  greater p a r t  wa3 d u e  to t h e  f a c t  t h a i  it r e p r e s e n t e d  a s e l f -  
d e f e a t i n g  ove r -ex tens ion  of s e l f - i n t e r e s t .  
"Overly shrewd c o n c e n t r a t i o n  on s e l f - i n t e r e s t  r e s u l t s  i n  a c r i p p l i n g  of  
t h e  c a p a c i t y  to l ook  beyond t h e  l i m i t s  of s e l f - i n t e r e s t  and t h i s  f i n a l l y  
works a g a i n s t  itself. I r r a t i o n a l i t y  is n o t  n e c e s s a r i l y  a f o r c e  o p e r a t i n g  
o u t s i d e  t h e  range o f  r a t i o n a l i t y :  it may r e s u l t  from t h e  p r o c e s s  o f  
r a t i o n a l  s e l f - p r e s e r v a t i o n  'run amuck'." Adorno (5;) 
Adorno contended t h a t  t h e  a i d  and comfort  o f f e r e d  by a s t r o l o g y  r e q u i r e s  
a d j u s t m e n t  to t h e  absu rd  and c o n t r a d i c t o r y  natire o f  s o c i e t y  as s e e n  by 
many people .  The a s t r o l o g i c a l  a d e p t  behaves  r a t i o n a l l y  to t h e  e x t e n t  
t h a t  t h e y  are conce rned  with t h e m e l v e s  and  c c n t r o l l i n g  t h e i r  l i fe,  b u t  
t h i s  is done by conforming to e x i s t i n g  c o n d i t i o n s  r a t h e r  t h a n  by s e e k i n g  
t o  change  or q u e s t i o n  them. Again, t h i s  is p e r h a p s  t h e  mre i n t e r e s t i n g  
a s p e c t  of a s t r o l o g y  and one which is p r e s e n t  i n  t h e  message of t h e  world 
models a s  well. It is t h i s  f e a t u r e  which d i f f e r e n t i a t e s  i t s  impl i ed  
social  effect from m i l l e n a r i a n i s m  - where mass c o l l e c t i v e  radical  
ac t ions  may ensue. 
Adorno's s t u d y  o f  a s t r o l o g y  was i n  t h e  ' c r i t i ca l '  t r a d i t i o n  of t h e  
F r a n k f u r t  School  of which  he m s  a fo rmer  d i r e c t o r .  One i m p o r t a n t  
consequence of t h i s  was t h a t  h e  m a i n t a i n e d  t h a t  a s t r o l o g i c a l  b e l i e f s  
cou ld  on ly  be unde r s tood  i n  r e l a t i o n  to social  r e a l i t y  as p e r c e i v e d  by 
their  a d h e r e n t s .  The u l t i m a t e  e x p l a n a t i o n  f o r  s u c h  b e l i e f s  was t h u s  he ld  
220 
t o  i i e  i n  s o c i e t y  i t s e l f  r a t h e r  t h a n  i n  t h e  psychology of t h e  i n d i v i d u a l  
b e l i e v e r s .  T h i s  s o c i o l o g i c a l  o r i e n t a t i o n  is i n  k e e p i n g  w i t h  our own 
t h e o r e t i c a l  p o s i t i o n .  
I n  connec t ion  wi th  h i s  me thodo log ica l  s t a n c e ,  Adorno d i c u s s e d  t h e  i d e a  
o f  t h e  " o p a c i t y "  o f  t h e  s o c i a l  world; h e  c o n t e n d &  t n a t  s o c i e t y  appeared 
i n e x p l i c a b l e  to many people ,  by which he meant  t h a t  they could no t  
unde r s t and  i t s  workings,  it appea red  opaque . Fiir ther ,  h e  argued t h a t  
a s t r o l o g y  "mi r ro red"  t h e  o p a c i t y  of t h e  e q i r i c a l  world and was 
t h e r e f a r e  a c c e p t e d  by s c e p t i c a l ,  d i s i l l u s i o n e d  people .  
* 
"It may a l s o  b e  mentioned t h a t  t h e  modern s c i e n r e ,  wiiich h a s  r e p l a c e d  
Icore and more c a t e g o r i e s  which once i n t e r p r e t o 9  e v e n t s  a s  though they 
were meaningful,  t e n d s  t o  promote a k i n d  o f  opaqiieness which a t  least  
f o r  t h e  v m i n i t i a t e d  is ha rd  to d i s t i n g u i s h  from an e q u a l l y  opaque and 
non- t r anspa ren t  t h e s i s  s u c h  as t h e  dependence of t h e  i n d i v i d u a l  human 
fa te  from s te l la r  c o n s t e l l a t i o n s . "  Adorno (58) 
H i s  po in t ,  is t h a t  a l t h o u g h  a c r i t i c a l  pe r son  may p e r c e i v e  t h e  
d e f i c i e n c i e s  o f  a s t r o l o g y ,  scme p e o p l e  see no d i f f e r e n c e  between i ts  
p o s t u l a t e s  and t h o s e  of modern science. Thus, o r d i n a r y  peop le  may a c c e p t  
s y s t e m  o f  d e l u s i o n  because it is t o o  d i f f i c u l t  t o  d i s t i n g u i s h  such  
s y s t e m  from t h e  opaque sys t em i n  which t h e y  a c t u a l l y  l i v e  ait t h e i r  
l ives .  J u s t  as  t h e  p a r a n o i c  i n t e r p r e t s  h i s  o r  he:' world i n  a n  ex t r eme ly  
e g w e n t r - i c  manner, t h e  a s t r o l o g i c a l  a d e p t  d i s p l a y s  a similar tendency. 
Yet, i r o n i c a l l y ,  e a c h  b e l i e f  s y s t e m  is a way of cop ing  wi th  l i f e .  
Our  c o n j e c t u r e  is t h a t  Adorno's s t u d y  a f f o r d s  some x l u m i n a t i n g  i n s i g h t s  
i n t o  t h e  n a t u r e  of s y s t e m  dynamics and t h e  p w l i c  r e sponse  to t h e  
message of t h e  w r l d  m d e l s .  He was i n t e r e s t e d  i n  t h e  p s y c h o l o g i c a l  
s u s c e p t i b i l i t i e s  and social need3  t h a t  are e x p l o i t e d  by c u l t u r a l  
phenomena such  as a s t r o l o g y ,  and we are i n t e r e s t e d  i n  examining t h e  
s i m i l a r i t i e s  between a s t r o l o g y  and system dynamics t o  see i f  t h e  la t ter  
f u l f i l l s  o r  e x p l o i t s  similar social and p s y c h o l o g i c a l  needs.  
One !ay of s t r u c t u r i n g  t h e  t a s k  is t o  cons ide r -  t h e  comparison along t h e  
f o l l o w i n g  l i nes .  F i r s t l y ,  we w i l l  examine two s p e c i f i c  f e a t u r e s  of t h e  
style of t h e i r  r e s p e c t i v e  messages - namely, they way i n  which each  
seem to  be  d e r i v e d  from a n  a b s t r a c t  s o u r c e  of a u t h o r i t y ,  and t h e  sense 
of impending doom which p e r v a d e s  t h e i r  r e s p e c t i v e  p r e d i c t i o n s .  Secondly,  
we w i l l  refer to t h e i r  s t r u c t u r e s  as  b e l i e f  s y s t e m ;  i n  p a r t i c u l a r  we 
w i l l  d i s c u s s  t h e  !ay i n  which they  offer  a c o h e r e n t  p i c t u r e  o f  t h e  w r l d  
...................................................................... 
+ 
The n o t i o n  of o p a c i t y  may b e  p a r t i c u l a r l y  r e l e v a n t  i n  t h e  case of 
peop le  w i t h  i n s u l a t e d  cosmologies .  
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w h i c h  is based u p m  a h o l i s t i c  f u s i o n  of p t i y s i c a l  and s c i a 1  r e a l i t y .  We 
w i l l  a l s o  refer to t h e  mechanisms o f  p m j e c t i o n  and d i sp lacemen t .  
T h i r d l y ,  rie w i l l  t u r n  our  a t t e n t i o n  t o  theiÏ s o c i a 1  e r f ' e c t s :  t h i s  H i l l  
i n c l u d e  t h e  s o l i c i t a t i o n  of i n d i v i d u a l  a d j u s t m e n t  ts s o c i a l  c o n d i t i o n s  
( r a t h e r  t h a n  r a d i c a l  cha.nge), t o g e t h e r  w i th  tile e x p r e s s i o n  and 
r e i n f o r c e n e n t  o f  peop le ' s  sense of dependence or h e l p l e s s n e s s .  
(a)  a s o u r c e  of a b s t r a c t  a u t h o r i t y  
Adorno's s t u d y  was r e s t r i c t e d  to t h o s e  peop le  who t a k e  a s t r o l o g y  fo r  
g r a n t e d ,  j u s t  l i k e  o t h e r  a s p e c t s  of c u l t u r e  s u c h  as economic forecasts, 
t h e  c inem or msic. A s t r o l o g i c a l  a d v i c e  mediated th rough  newspaper 
columns, is seen as  emanat ing from a d e p e r s o n a l i s e d  s o u r c e  - t h e  s tars  - 
and is i n t e r p r e t e d  by an e x p e r t .  Adorno c o n s i d e r e d  a s t r o l o g y  columns t o  
b e  a n  a b s t r a c t  source of a u t h o r i t y :  
[;mich] attempts t o  s a t i s f y  the l o n g i n g s  of  p e o p l e  who are tho rough ly  
convinced t h a n  o t h e r s  ( o r  some unknown agency)  ought  to know more a b o u t  
t h e m e l v e s  and what t h e y  should do t h a t  t hey  can d e c i d e  f o r  t h e m e l v e s . "  
( 5 9 )  
Our argument  is t h a t  s c i en t i s t s  and computers  are s i m i l a r l y  surrounded 
hy n y t h s  which a l s o  serve to p o r t r a y  them as a b s t r a c t  a u t h o r i t i e s .  J u s t  
a s  t h e r e  is no  way of arguing wi th  t h e  a d v i c e  of a s t r o l o g y  columns, t h e r e  
is ( f o r  most p e o p l e )  no way of C h a l l e n g i n g  t h e  a u t h o r i t y  of a c o m u t e r :  
indeed,  f o r  some it s t a n d s  a s  a symbol o f  l e g i t i m a c y .  ûn the one hand, 
computers  h a v e  become i n c r e a s i n g l y  employed i n  all sectors of  s o c i e t y ,  
and y e t  on t h e  o t h e r  hand a remarkable  d e g r e e  of mys t ique  and i g n o r a n c e  
s u r r o u n d s  them. P o p u l a r  names and images s u c h  as ' robo t s '  (an obv ious  
human p r o j e c t i o n )  and 'brain ' ,  on ly  serve to p e r p e t u a t e  t h e  myths . Also, 
t h e  media abound i n  r e p o r t s  c o n t a i n i n g  statements s u c h  as "computers 
show that...", or " c o o p u t e r s  p r e d i c t  that...". The d e v i c e s  t h e m e l v e s  are 
o f t en  made the s u b j e c t  of t he  senterce whilst the  peop le  who program 
them remain h i d d e n  or a p e a r  a s  mere i a t e r p r e t e r s .  Because t h e  L E  
message was based on computer simulations it is suggest.ed t h a t  t h e  a u r a  
s u r r o u n d i n g  t h e  world mode l l ing  p r o j e c t  e x p l o i t e d  t h e  same 
s u s c e p t i b i l i t y  to ' a u t h o r i t a t i v e  s o u r c e s '  as  t h a t  e x p l o i t e d  by a s t r o l o g y  
columns. 
f 
...................................................................... 
V h e  tradename of one contemporary microcomputer is 'Newbrain', a n o t h e r  
is known as  'Superbrain' .  
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( b )  impending doom - a threat  and  a remedy 
Another  obv ious  s i m i l a r i t y  b e t v e e n  these two t.,:Lef s y s t e m  is t h e  
element  o f  doom w h i c h  g u i l d s  t h e i r  r e s p e c t i v e  p r e d i c t i o n s .  Discussmg 
t h e  n a t u r e  of t h e  imagery employed by t h e  astro:ogeri ,  Adorno suggests: 
" Itha3 t h e  heavy euqloyment o f  the  'impending doon' :?evice i S  h a r d l y  
a c c i d e n t a l .  It  e n c o u r a g e s  t h e  addressee's destrYíctiie u r g e s  and  feeds on 
t h e i r  d i s c o m f o r t  i n  c i v i l i z a t i o n ,  while a t  t h e  ?.me t ime s t i r r i n g  UP a 
b e l l i c o s e  mod." ( 6 0 )  
Here Adorno is r e f e r r i n g  to Freud's theory of c h e  d e a t h  i n s t i n c t .  Without  
be ing  drawn i n t o  t h e  c o n t r o g e r s y  abmt  t h e  e x i s t e m e  o r  o t h e r w i s e  of 
s u c h  a n  i n s t i n c t ,  we c a n  a t  l e a s t  draw a p a r a l l e l  between " d e s t r u c t i v e  
u rges"  and t h e  contemporary i n t e r e s t  i n  disaster:;. I n  f a c t  a s i m i l a r  
e l emen t  h a 3  been observed by Enzensbe rge r  who h a s  c o n j e c t u r e d  t h a t  
s c e n a r i o ;  o f  e c o - c a t a s t r o p h e  p l ayed  upon t h e  t*dc l i i<h t  i n  t h e  COllapSe of 
t h i n g s "  which m n y  p e o p l e  a p p e a r  to h a r b a i r ó l .  
R e t u r n i n g  to Douglas' i deas ,  we c a n  i n t e r p r e t  Ln i s  r e a c t i o n  a s  p a r t  of a 
b a c k l a s h  q a i n s t  s t r o n g  g r i d  s o c i a l  environments ,  or t h e  e x p r e s s i o n  of 
t h e  h a t r e d  and loathing accsnpany ing  the b w n d z r y  which c l o s e s  o f f  small 
group social  environments .  Whatever the  fundamental  e x p l a n a t i o n  Of 
peopie '3  interest  in  d i s a s t e r ,  it ia sugges t ed  t h a t  t h e  Mages of 
c a t a s t r o p h e  carried by t h e  LTC message e x p l o i t s  t h a t  i n t e r e s t  i n  the  
same way a3 d o e s  a s t r o l o g y .  
I n  a d d i t i o n  to a r t i c u l a t i n g  tnreats,  bo th  a s t r o l o g f  and sys t em dynamics 
p r e s e n t  a remedy a3 well: e a c h  claims t o  h a v e  kr,owle,dge t h a t  c a n  be  used 
to exert  a measure of cmtro l  o v e r  o u r  Lives.  
( a )  t h e  o f f e r  o f  c o h e r e n c e  
The a p p e a l  o f  a s t r o l o g y  l i es  i n  t h e  f a c t  t h a t  it t r a n s f o r m  "free- 
f l o a t i n g "  anxieties i n t o  a d e f i n i % e  symbolism; j.t o f f e r s  cohererice i n  a 
world where none m y  seem t o  exist, and i.t a t t r ac t s  t h o s e  who are 
s e a r c h i n g  f o r  a meaning to e x i s t e n c e .  
n [ ï ] t  a i s o  g i v e s  some vague  and d i f f u s e d  comfort  by m k i n g  t h e  s e n s e l e s s  
a p p e a r  a3 though  it had SUE h i d d e n  and g r a n d i o s e  s e n s e  while a t  t h e  
same t ime  c o r r o b o r a t i n g  t h a t  t h i s  s e n s e  c a n  n e i t h e r  b e  s o u g h t  i n  t h e  
realm of t h e  human nor c a n  p r o p e r l y  be g r a s p e d  by humans." Adorno ( 6 2 )  
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System dynamics a l s o  o f f e r s  t h e  promise of cohe rence  b y  p u r p o r t i n g  t o  
e x p l a i n  t h e  caiise o f  many d i s p a r a t e  social  problems and i n  l o c a t i n g  t h i s  
e x p l a n a t i o n  a t  t h e  level  o f  t h e  g l o b a l  system, m n k i n d ,  and n a t u r e ,  it 
f u r n i s h e s  it w i t h  u l t i m a t e  l e g i t i m a c y .  Moreovsr, we should n o t  f o r g e t  
t h e  system d y n a a i c i s t s  claim t h a t  t h e   hum:^ ? ra in  is i n c a p a b l e  of 
f o l l o w i n g  t h e  b e h a v i o u r  o f  a complex feedback sys t em and t h a t  computers  
m s t  b e  employed to perform t h i s  f u n c t i o n  i n s k a d .  
( b )  c r u d e  holism 
Both a s t r o l o g y  and sys t em dynamics f o r c e  t o g e t h e r  s e p a r a t e  f i e l d s  o f  
cnqui.ry. A s t r o l o g y  a t t e n p t s  t o  c o n f l a t e  psychology w i t h  a s t ronomj ,  
whilst sys t em dynamics f o r c e s  t o g e t h e r  t n e  p r o p e r t i e s  of p h y s i c a l  and 
social  r e a l i t y  - e.g. of e l e c t r o n i c  and a c i a l  s y s t e m  - u n d e r  tae  man t l e  
o f  a g e n e r a l  s y s t e m s  theo ry .  
As t ro logy  o c c u p i e s  a gap  i n  knowledge l e f t  by t h e  d i v i s i o n  of l a b m r  i n  
s c i e n c e ,  a gap  which is l o c a t e d  between a s t r o n o i q  and psychology. The 
c o n f l a t i o n  o f  these two sciences i u  'non-?at i r i ia l '  and a n o t h e r  s o u r c e  of  
t h e  mystery which s u r r o u n d s  a s t r o l o g y ,  i n  t h a t  ii interrelates f i e l d s  
which, a t  t h e  p r e s e n t  state o f  knowledge, ,:?.mot mean ingfu l ly  b e  
i n t e g r a t e d .  
System dynamics t o o ,  o c c u p i e s  a gap  - t h a t  between a l l  t h e  d i s c i p l i n e s  
which i t  attempts t o  i n t e r r e l a t e .  It a l s o  h a s  m y s t i c a l  o v e r t o n e s  d e r i v e d  
from i t s  a p p e a l  t o  n o t i o n s  o f  n a t u r e  and i t s  o f f e r  o f  i n s i g h t  i n t o  t h e  
workings of  t h e  world,  an o f f e r  which is based upcn di i  a l l e g e d l y  new way 
o f  t h i n k i n g .  
Although a p p e a r i n g  to b e  a source of m y s t e r i o u s  knowledge, a s t r o l o g y  
sometimes attempts t o  p o r t r a y  i t s e l f  a s  a sc i ence .  From one p o i n t  of 
view it r e p r e s e n t s  a logical outcome of a mechanical  d e t e r m i n i s t i c  
approach  to s c i e n c e :  human fate is seen to b e  r u l e d  by t h e  stars which 
are t h e m e l v e s  r u l e d  by mechanical  laws. S i m i l a r l y  wi th  system dynamics: 
though it rejects  a l inear  monocausal approach,  it r e d u c e s  social 
phenomena to t h e  de t e rmined  b e h a v i o u r  m d e s  of  feedback system. Whilst 
a p p e a r i n g  to b e  based u p m  a d i f f e r e n t  way o f  t h i n k i n g  ( a  h o l i s t i c  
s y s t e m  approach)  it r e d u c e s  t h e  in t r icac ies  of social  r e a l i t y  to t h e  
s i m p l e r  p r o p e r t i e s  o f  p h y s i c a l  r e a l i t y .  Th i s  e c h o e s  Adorno's d e s c r i p t i o n  
of a s t r o l o g y  as b e i n g  something which r e d u c e s  " t h e  complex to 'simple 
and mechanical '  inferences, do ing  away w i t h  a n y t h i n g  t h a t  is strange and 
unknown and a t  t h e  same time f a i l ( s )  to e x p l a i n  anythingn.63 
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( 3 )  pro j e c  t i o n  
As t ro logy  claims t o  have a n  i n s i g h t  i n t o  the f a t e  of mankind; y e t  we c a n  
see t h a t  i t  i n  fact p r o j e c t s  t h e  social  world onto t h e  heavens and 
t h e r e f o r e  d i s p l a c e s  2 mr'e o b j e c t i v e  e r i l a n a t i o n  of  the e v e n t s  i n  
people 's  l i v e s .  
" S u p e r s t i t i o n  is i n s i z h t ,  because it sees t o g e t h e r  t h e  c i p h e r s  o f  
d e s t r u c t i o n  s c a t t e r e d  on the  socia1 surftrce...from t h e  t r a n s f i g u r e d  
s o c i e t y ,  whose forms it h a s  p r o j e c t e d  i n t c  Lhe  s k i e s ,  it p romises  i t s e l f  
t h e  answer t h a t  c o u l d  on ly  come From rea1 s o c i e t y . "  Adorno ( 6 4 )  
If p e o p l e  w i s h  to u u d e r s t a n d  t h e i r  own li.#es, or  the w r l d  around them, 
they  canno t  f i n d  t h e  answer i n  t he  stars, f3r t h e  real  e x p l a n a t i o n s  are 
more l i k e l y  to l i e  i n  s o c i e t y  i t s e l f .  T h e  p m j w t i o n  o f  s o c i a l  phenomena 
onto t h e  movements of t h e  stars is p a r a l l e l e d  i n  system dynamics by t h e  
p r o j e c t i o n  o f  soc ia l  p r o b l e m  znd h u m n  character is t ics  o n t o  t h e  
p r o p e r t i e s  o f  feedback s t ructures  and n a t u r e .  
"The ba t t l e  between t h e  f o r c e s  o f  g i o w C I i  and t h e  r e s t r a i n t s  of n a t u r e  
may b e  r e s o l v e d  i n  a number o f  ways." F o r r e s t e r  ( 6 5 )  
"But t h e  conp lex  system is f a r  more d e v i o u s  and d i a b o l i c a l  t h a n  merely 
b e i n g  d i f f e r e n t  f rom t h e  s imple  s y s t e m  w i t h  mich i~ h a v e  experience."  
For re  s t e  r ( 0 6  ) 
"To make matters still worse, t h e  complex sys t em is even  more d e c e p t i v e  
t h a n  merely h i d i n g  causes." F o r r e s t e r  (67 )  
Moreover, it a l s o  p u r p o r t s  t o  e x p l a i n  t h e  " z i p h e r s  of d e s t r u c t i o n " ;  
b r i n g i n g  toaether a l l  t h e  d i s j o i n t e d  and c o n t r a r y  e v e n t s  and 
e x p e r i e n c e s  w i t h i n  ncdern societies, it o f f e r s  a n  ' i n s i g h t '  i n t o  t h e  
workings o f  t h e  global s y s t e m  which g e n e r a t e s  then!. i t  n e a t l y  s u m r i s e i  
a l l  t h e  f e e l i n g s  of malaise and the a t t e n d a n t  p r e m n i t i o n s  t h a t  
something c a t a c l y s m i c  is abmt  t o  happen. F o r r e s t e r  b e l i e v e s  t h a t  sys t em 
d y m m i c s  o f f e r s  a way of e x p l a i n i n g  a v a s t  array o f  d i f f e r e n t  t h i n g s  - 
f rom r e v o l u t i o n s  and economic crises,  to g l o b a l  i n t e r a c t i o n s  and social 
e v o l u t i o n .  I t  o f f e r s  a panacea which p romises  t o  r e n d e r  a l l  s o c i a l  
problems i n t e l l i g i b l e .  
We h a v e  a l r e a d y  sugges t ed  t h a t  a s t r o l o g y  and sys t em dynamics encourage  
i n d i v i d u a l  a d j u s t m e n t  to e x i s t i n g  social  c o n d i t i o n s  r a t h e r  t h a n  r a d i c a l  
change. This  is a c r u c i a l  s i m i l a r i t y  i n  t h e i r  social  i m p a c t  and is 
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complemented by t h e  i s Y  i n  which t h e y  may f:iri<:tion a s  i d e o l o g i e s  which 
make c o n d i t i o n s  bearable.  W i t h  a s t r o i o g y ,  i i i i s  p a r t i c E i n r  a s p e c t  of 
Adorno's t h e s i s  res ts  upon the c i n c e p t  o f  de2endence. He d i s - l i s s e d  t h e  
dependen t  s ta te  Of modern man, "caught  @y i? w d r l d  of a d m i n i s t r a t i o n "  
where p e o p l e  f ee l  a s  if t h e y  *ere powc?r,iess pawns. (Here we have  a 
s i m i l a r i t y  to s t r o n g  g r i d  and i n s u l a t e d  c o s n o l o g i e s . )  
Although men have  a lways  been dependent  upon e a c h  o t h e r ,  t h i s  f ac t  was 
once  mask& by t h e  market wh ich  i n t e r v e n e d  i n  t h e  i n t e r a c t i o n  between 
people68. Though iwdern nnn may i n  f ac t  be  no more degenden t  t h a n  h i s  
a n c e s t o r s ,  Adorno a rgued  t h a t  i?e e x p e r i e n c e s  h i s  dependence i n  a more 
p e r s o n a l  and c o n s c i o u s  way. I n  g i v i n g  c r e d e w e  to a s t r o l o g y ,  peop le  
e x p r e s s  t h e i r  sense of d e p e n d e z e  by s e e k i n g  to a t t r i . b u t e  it t o  a h i g h e r  
and more j u s t i f i a b l e  source. 
"If t h e  la t ter  m u l d  f u l l y  admit t h e i r  own dependence on man-made 
c o n d i t i o n s ,  they m u l d  soneliow have  to blame t h e m e l v e s ,  would h a v e  to 
r e c o g n i z e  n o t  o n l y  their  impotence b u t  a lcc  t h a t  t hey  are t h e  c a u s e  of 
t h i s  i m p o t e m e  and m u l d  have to  t a k e  r e s p m s i h i l i t i e s  which today are 
e x t r e n e l y  hard to t a k s "  Adorno ( 6 9 )  
T h i s  b r i n g s  us back to t h e  c o n c e p t  o f  d i s p l a c e m e n t  wh ich  we d i s c u s s e d  
earlier. I n  a t t r i b u t i n g  dependeme  to t h e  stars o r  to n a t u r e  and 
feedback s y s t e m ,  peop le  can j u s t i f y  it k h i l s t  a v o i d i n g  t h e  admiss ion  
t h a t  t h e y  are themse lves  p a r t l y  causes of it. F u r t h e r ,  t h e s e  b e l i e f s  
f u n c t i o n  i n  s u c h  a way that they  r e i n f o r c e  t h e  dependeme .  
"What d r i v e s  p e o p l e  i n t o  t h e  arm o f  t h e  v a r i o u s  ' p r o f e t s  of d e c e i t '  is 
n o t  o n l y  t h e i r  sense of d e p e n d e m e  and t h e i r  wish to a t t r i b u t e  t h i s  
d e p e n d e m e  to some ' h i g h e r '  and u l t i m a t e l y  mre j u s t i f i a b l e  sources, b u t  
it is also t h e i r  wish to re inforce  t h e i r  own deDendence..." Adorno (70)  
Adorno a s s e r t e d  t h a t  a s t r o l o g y  could not j u s t  be  i n t e r p r e t e d  as a n  
e x p r e s s i o n  o f  dependence, b u t  a l s o  a s  a n  ideo logy  for dependence: "an 
attempt t o  s t r e n g t h e n  and somehow j u s t i f y  p a i n f u l  c o n d i t i o n s  wh ich  seem 
more t o l e r a b l e  if a n  affirmative a t t i t u d e  i s  t a k e n  towards them".T1 
System dynamics can also f u n c t i o n  as  a n  ideo logy  f o r  dependeme ,  and 
t h e r e f o r e  e n c o u r a g e s  a c c e p t a n c e  of t h e  s t a t u s  quo r a t h e r  t h a n  t h e  
c o l l e c t i v e  r a d i c a l i s m  found i n  m i l l e n a r i a n  movements. F o r r e s t e r  c l a i m s  
t h a t  i n  c h o o s i n g  the system mode we wish f o r  o u r  social  s y s t e m  w e  a l s o  
choose  t h e  p r e s s u r e s  u n d e r  wtiich we mst l ive .  If p e o p l e  a c c e p t  t h i s  
t h e y  are f o r c e d  to t a k e  an a f f i r m a t i v e  a t t i t u d e  to p r e s s u r e s  and 
stresses. 
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System dynamics offers  t o  b r i n g  s t i u c t i i r s  a.?d c o h e r e i c e  i n t o  t h e  
u n c e r t a i n t y  o f  a c r i s i s - r i d d e n  w r l d .  By f g r c i n g  t h e  r e a l i s a t i o n  that  
p re s su res  and stresses are i n e v i t a b l e  thej; Decome less  d e b i l i t a t i n g .  
I n s t e a d  o f  leaving peop le  p rey  to t h e  c h a o s  o f  ssemingly d i s j u n c t  fears 
and a n x i e t i e s ,  it i n t r o d u c e s  a n  element o f  c e r t - i n t y  which is r o o t e d  i n  
t h e  'grand'  c o n c e p t s  o f  na t l i r e ,  t h e  g l o b a l  system, and mankind; t h i s  
b r i n g s  comfor t  and s t r e r g t h e n s  t h e  c o n v i c t i o n  to fice up to a n  e x i s t e n c e  
a n d e r  p r e s s u r e s ,  s e l f - r e s t r a i . n t ,  and t h e  f o r f e i t  o f  a s p i r a t i o n s .  
! 
I n  p r o j e c t i n g  t h e i r  dependence Onto t h e  g l o b a l  system an2 m t u r e ,  t h e  
p o w e r l e s s n e s s  which peop le  fee l  becomes mri- d i g n i f i e d .  Cur ious ly  
though, whilst t h e  LTG message resonates w i t h  t h e i r  i n t u i t i v e  f ee l ings  
o f  dependence, it a l s o  seems t o  make them a>pcar  important .  T h i s  is 
because t h e  v i a b i l i t y  of t h e  p r o p o s e s  e q u i l i b r i u n  s o c i e t y  r e q u i r e s  
i n d i v i d u a l  a c t s  o f  ad jus tmen t .  Thus, while t!ie message r e f l ec t s  t h e  
social  world as it a p p e a r s  t o  some people ,  i t  a l so  coun tenances  t h e i r  
c n d i b i 1 . i t y  by a p p e a l i n g  to t h e i r  s e n s e  of ( o r  wish fcr) p e r s o n a l  
importance.  Making t h e  p o w e r l e s s  f ee l  i m p c r t a n t  is o f  c o u r s e  a n o t h e r  
a s p e c t  of a s t r o l o g y ,  f o r  while human fa te  is t h o u g h t  to b c  governed by 
t h e  heavens,  e a c h  h o r o s c c p e  is u l t i m a t e l y  - i n d i v i d u a l .  
The tmin p o i n t s  t o  emerge from t h i s  c h a p t e r  arr t h a t  t h e  social  e f fec ts  
o f  t h e  message o f  t h e  w r l d  m d e l s  were n e i t h e r  s imple  nor i s o t r o p i c  
w i t h i n  its ta rge t  aud ience .  ( F u r t h e r ,  to t h e  e x t e n t  t h a t  t h e  d e b a t e  still  
p e r s i s t s ,  t h e s e  e f fec ts  may b e  C e t e c t e d  as long  as d i s c u s s i o n  
c o n t i n u e s . )  The message r e s o n a t e d  w i t h i n  a social  c o n t e x t  i n  which 
c e r t a i n  g r o u p s  were l o o k i n g  f o r  a cdierent view o f  g l o b a l  p r o b l e m ,  and 
sys t em dynamics o f f e r e d  a s u i t a b l e  mapping of  t h e  w r l d  which was 
a p p e a l i n g  f o r  a v a r i e t y  o f  s o c i a l ,  p o l i t i c a l ,  and p s y c h o l o g i c a l  reasons. 
The env i ronmen ta l  d e b a t e  - t o  which the world models were a s t i m u l u s  - 
was a forum f o r  d i f f e r e n t  p o l i t i c a l  i n t e r e s t s  where v a r i o u s  g r o u p s  
employed d i f f e r e n t  c o n c e p t i o n s  o f  t h e  environment ,  i n c l u d i n g  d i f f e r e n t  
i n t e r p r e t a t i o n s  of t h e  message, i n  order to argue for t h e i r  own 
p a r t i c u l a r  goa l s .  F u r t h e r ,  we have  seen t h a t  t h e s e  c o n c e p t i o n s  can b e  
d i s t i n g u i s h e d  by c o n s i d e r i n g  t h e  cosmology employed by t h e  g r o u p s  
involved,  and t h a t  t h i s  a l s o  i n f o r m  t h e i r  s p e i f i c  i n t e r p r e h t i o n s .  ( In  
o t h e r  words, t h e  message d i d  n o t  s imply  d i f f u s e  amongst d i f f e r e n t  
groups,  b u t  was s u b j e c t  to v a r i o u s  e x o t e r i c  i n t e r p r e t a t i o n s . )  
The world models p l ayed  upon ce r t a in  social  and p s y c h o l o g i c a l  n e e d s  
which are p a r t i c u l a r l y  p e r t i n e n t  to t h e  m i l l e n a r i a n  and p a s s i v e  
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r e sponses .  S y s t e 5  dyiìami<:s o f f e r s  a b e i i n f  systeff i  which s h a r e s  i m p o r t a n t  
s imilar i t ies  t o  t h a t  o f  a s t r o l o g y ,  both in  term cf s t y l e ,  s t r u c t u r e  and 
% c i a l  effect. Moreover, t h e  a.ialogy w i t h  a s t r o l o g y  n o t  o n l y  i l l u m i n a t e s  
t h e  s o c i a l  anä p s y c h o l o g i c a l  f u n c t i o n  of 3yStem dynamics w i t h i n  t h e  
p a s s i . r e  n s p m ~ e ,  f o r  it a l s o  i n c r e a s e s  o a r  , Jnde r s t and ing  of t h e  othei- 
r e s p m s e s  too. A b e l i e f  i n  ir*manent c a t a s t r o p h e  h a s  a % c i a l  dimension,  
b u t  *i? h a e  seen t h a t  i t  a l s o  h a s  a psycholo&i.cal  b a s i s  i n  a f a s c i n a t i o n  
with d e s t r u c t i o n .  T h i s  is a l s o  t h e  case wi th  t h e  need to m a i n t a i n  
c o g n i  t i v  e sec.1 r i t. y. 
t 
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We h a v e  triei 21 open  up an area P)r d i s c u s s i o n  and  f u r t h e r  r e s e a r c h  on 
a *&pic where we f z e l  t h a t  t h e  c o n v e n t i o n a l  e x p l a n a t i o n s  f o r  t h e  a p p e a l  
o f  t h e  horld n o g e l s  have  n o t  done j u s t i c e  to t h e  v a r i e t y  of social  and 
p s y c h o l o g i c a l  r * a c b r s  which are i m p l i c a t e d  i n  t h e  v a r i o d s  r e s p a s e s  of 
d i f f e r e n t  groups.  On t h e  n e g a t i v e  s i d e  however, it must b e  s a i d  t h a t  û u r  
d i s c u s s i w i  remains somewtiat s p o j u l a t i v e ,  e s p e i a l l y  w i t h  regard to t h e  
millenarian and p a s s i v e  r e spcnses .  d iso,  o u r  approach  to t h e  q u e s t l o n  of 
s o c i a l  a.nd p r y c h o l o g i c a l  n e e ä s  h a s  beggerl d e e p e r  q u e s t i o n s  a b o u t  t h e  
?i':ations':ip between t h e  ~ i o m i n s  oí' socio logy and psychology. I n  fa r t ,  
t h e  argurcents  p r e s e n t e d  h e r e  a d d r e s s  C h e  area of o v e r l a p  between t h e  two 
- namely, t h e  r e l a t i o n s h i p  between i n d i v i d u a l s  and lheir 'ego' o r i e n t e d  
needs and s u s c e p t i b i l i t i e s ,  and t h e i r  s o c i a l l y  c m s t r u c t a d  views 3f the  
world. k u g l a s  h a s  h i n t e d  a t  t h i s  o - i e r l a p  and suggests t h a t  one could 
rmp the ",-lassic psjrchoses" o n t o  t h e  d i f f ' e r e n t  =c i a l  e n v i r o n n 2 n t s  o f  
t h e  g r id -g roup  diagraa7*. Whi l s t  we have  n o t  gme t h i s  far we h w e  
impl i ed  t h a t  certain social  e n v i r o n m n t s  m y  a c c e n t u a t e  s p w I . F i n  
psycho log i a a  1 need s. 
W h i l s t  t h e  d i s c u s s i o n  i n  t h i s  c h a p t e r  h a s  p rov ided  new pe r spec t i . , e s  on 
t h e  impac t  of t h e  message o f  t h e  wr r ld  models, it also i m p l i e s  q u e s t i 0 7 3  
cmcerning t h e  p r o b l e m  o f  c r e d i b i l i t y  faced by t h o s e  members o f  t h e  
systems c o m n i t y  d i o  d e a l  w i t h  = s e a r c h  i n t o  g l o b a l  problems. More 
s p e c i f i c a l l y ,  t h e  example of toe  r e c e p t i o n  of t h e  mrld models 
i l l u s t r a t e s  t h e  fact  t h a t  t h o s e  who construct esoteric m d e l s  of t h e  
w r l d  can n o t  c a i t r o i  how they w i l l  b e  i n t e r p r e t e d .  We h a v e  seen t n a t  not  
o n l y  dad t h e  social and p o l i t i c a l  interests of  t h e  v a r i o u s  groGps amngst 
t h e  target a u d i e n c e  a c t  to influerze how t h e  message uas i n t e r p r e t e d ,  
b u t  50 too dad t h e i r  more  g e n e r a l  s o c i a l  and p s y c h o l o g i c a l  n e e d s  - 
which n u s t  t h e m e l v e s  b e  c o n s i d e r e d  3n re la t ion to t h e  s p e c i f i c i t i e s  O f  
t h e  social  f a b r i c  of t h e  time. We h a v e  not,  of course, answered the  
problem of c r e d i b i l i t y ,  b u t  we have  i l l u s t r a t e d  some of t h e  i m p o r t a n t  
f e a t u r e s  which p e r t a i n  to it. 
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7.0 SUMMARY 
Before p roceed ing  to a g e n e r a l  d i s c u s s i o n ,  w w i l l  r e c a p  on t h e  main 
p a r t s  of t h e  argument  developed i n  t h e  p r e c e d i n g  qha j j t e r s .  
O u r  i n v e s t i g a t i o n  h a s  shown t h a t  systerr  d y m x i c s  c a n n o t  be  mrr*owly 
d e f i n e d  as a ne re  t e c h n i q u e  and is b e s t  v i e w e i  as a body of knowledge 
w i t h  s e v e r a l  d imens ions  - e a c h  of which m k e s  s e n s e  on ly  i n  r e l a t i o n  to 
a s p e c i f i c  nexus o f  q u e s t i o n s .  I n  o t h e r  words, system dynamics is n o t  a 
' t h i n g  i n  i t se l f ' ;  r a t h e r ,  i t s  p e r c e p t i o n  depends  upon one's p e r s p e c t i v e .  
F o r  example, t e c h n i c a l  q u e s t i o n s  a b w t  t h e  computer  s i m u l a t i o n  s t a g e s  o f  
s y s t e m  d y m m i c s  m d e l i i n g  f a l l  w i t h i n  t h e  a 2 p r o p r i a t e  domains o f  
mathemtics and computer  scieme. Th i s ,  however, is  n o t  a n  area which 
i n t e re s t s  us he re ;  w e  h a v e  s o u g h t  t o  a d d r e s s  q u i t 5  d i f f e r e n t  q u e s t i o n s .  
Thus we have  shown that  system d y m m i c s  may b e  c w s i d e r e d  as a social  
t h e o r y  - a social  cosmology w h i c h  m e d i a t e s  and r e i n f o r c e s  s p e c i f i c  
p a t t e r n s  o f  s o c i a l  r e l a t i o n s ,  o r  a s  a n  i d e o l o z y  which f u n c t i o n s  so as t o  
e n a b l e  p e o p l e  to a d j u s t  t o  and a c c e p t  e x i s t i n g  ?scia1 c o n d i t i o n s  i n  
r e s p e c t  o f  s o c i e t y ' s  dominant i n s t i t u t i o n s .  
We began t h e  a n a l y s i s  by drawing an ana logy  b e t d s e n  t h e  worldviews o f  
F o r r e s t e r  and Parsons.  T h i s  showed t h a t  t hey  s h a r e  a number o f  i m p o r t a n t  
t h e o r e t i c a l  b e l i e f s  and value o r i e n t a t i o n s ,  and t h i s  g a v e  u s  t h e  i d e a  of  
seeing h e t h e r  - like Parsons  - F o r r e s t e r  too c o u l d  be c o n s i d e r e d  to b e  
l o c a t e d  w i t h i n  a midd le -c l a s s  c o n s e r v a t i v e  t r a d i t i o n  which i.? p r i m a r i l y  
concerned w i t h  t h e  problem o f  m a i n t a i n i n g  s c i a l  o r d e r .  Looking a t  t h e  
d w e l o p m e n t  o f  s y s t e m  dynamics, we saw t h a t  t h i s  idea c o u l d  e n a b l e  u s  t o  
e x p l a i n  i ts  i n h e r e n t  t h e o r e t i c a l  s h i f t s  and domain expans ions .  
The development o f  sys t em dynamics h a s  been m r k e d  by its e x t e n s i o n  to 
new domains - f rom the  c o r p o r a t i o n ,  to t h e  c i t y ,  t h e  m r l d  and n a t i o n a l  
economies - w i t h  consequen t  e x p a n s i o n s  of  i t s  t h e o r e t i c a l  core .  Each new 
a p p l i c a t i o n  h a s  been a d d r e s s e d  to a s p e c i f i c  social. crisis, which it h a s  
s o u g h t  to a m e l i o r a t e  w i t h o u t  c h a l l e n g i n g  the  c o n t r o l l i n g  i n s t i t u t i o n s  
o f  s o c i e t y .  I n  e a c h  case F o r r e s t e r ' s  b a s i c  concern h a s  been  t h e  
r e s t o r a t i o n  of  s o c i a l  o rde r .  W i t h  t h e  emergence of t h e  world m d e l  h e  
r a i s e d  t h e  i d e a  of a r res t ing  economic growth. T h e  e n ' i i r o n m n t a l  crisis 
was p e r c e i v e d  as a p o r t e n t  o f  severe social  breakdown and t h e  
p r e s e r v a t i o n  of  s o c i a l  o r d e r  was again of t h e  i m p e r a t i v e  - even if i t  
meant h a l t i n g  growth, which m u l d  c h a l l e n g e  bo th  t h e  s h o r t - t e r m  
in t e re s t s  o f  c a p i t a l i s m  and its t r a d i t i o n a l  g r o w t h - o r i e n t e d  e thos .  
Of c o u r s e  h a l t i n g  growth cou ld  c o n c e i v a b l y  unLiermine t h e  whole log ic  of  
c a p i t a l i s t  p roduc t ion ,  as Habermas a s  p o i n t e d  out :  
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" C a p i t a l i s t  s o c i e t i e s  cannot  ï o l i o w  i m p e r a t i v e s  o ï  growth l i m i t a t i o n  
w i t h o u t  a b a n i a n i n g  t k s i r  p r i n o i p l e s  o f  a r g a n i z a t i o n ;  a s 2 i - t  from 
unplanned, n a t u r e - l i k e  c 2 2 i t a l i s t  growth t o  q u a l i t a t i v e  g m w t h  would 
r e q u i r e  t h a t  p r o d u c t i o n  be  planned i n  term o f  use v a l u e s .  T h e  
development o f  p r o d u c t i v e  f o r c e r ,  cmnr>t ,  liowever, be uncoupled from t h e  
p r o d u c t i o n  o f  cxchange values witholJt  v i a ì c t i n g  t ? e  l o g i c  o f  t h e  
system." ( 1  j 
_ _ ~  
LNflether F o r r e s t e r  b i n s c l f  pe rce i ,ves  t h i s  i m p l i c a t i o n  is a n o t h e r  matter; 
1ii.s v iews  on h a l t i n g  economic growth a r e  a r e f l e c t i o n  of h i s  deep 
com;itment t o  s o c i a l  o r d e r  r a t h e r  than a c h a l l e r g e  ta c a p i t a l i s m  p e r  se. 
It d o e s  show, however, that ,  h i s  t h o d g h t  has a c e r t a i n  de t achmen t  i n  
r e l a t i o n  t o  c a p i t a l i s t  interests. 
9ur n e x t  t a s k  was t o  o b t a i n  a more d e t a i l e d  d e s c r i p t i o n  o f  t h e  system 
d y n a m i c i s t ' s  s t y l e  o f  t h o u g h t  and t h e  social  strricture which they  
occupy. To do t h i s  we e q l c y e d  Douglas' t h e o r y  of cosmolog ies  and 
compared t h e  System D ~ M ~ C S  Group wi th  t h e  S c i e n c e  P o l i c y  Research 
Unit .  We showed Lhat on t h r e e  d i f f e r e n t  levels  - t h o u g h t  s t y l e s  
:incl.;ding q u e s t i o n s  of  mode l l ing  methodology and r e s p o n s e  to 
t h e a r c t i c a l  a n o m a l i e s ) ,  t n e  c o n t e n t  of cosmologies ,  and social  
e x p e r i e n c e  - we cou ld  r e a c h  t h c  same con.:lusions aboiAt t h e  r e l a t ive  
gr id/grc ,up p o s i t i o n  of  e a c h  group.  3n  e a c h  ieve l  we found t h a t  SDG were 
i n  a r e l a t i v e l y  kj-gher g r id / e :mup  p o s i t i o n  t h a n  SPRU. The e v i d e n c e  
marsha l l ed  i n  Chap te r  Four r e p r e s e n t s  t h e  mst d e t a i l e d  and w b s t a n t ï v e  
e p i r i c a :  basis in t h e  d i s s e r t a t i o n ,  and t h e r e f o r e  b a r s  t h e  main load 
o f  i t s  c l a i m  t o  o r i g i n a l i t y .  
We used t h e  i d e a  of t h e  dichotomy between o b j e c t  and p e r s o n - o r i e n t e d  
e l a b o r a t e d  c d e s  t o  throw 50.36) l i g h t  on t h e  d i v i s i o n s  between t h e  system 
d y n a m i c i s t s  and some of  t h e i r  c r i t i cs .  We a rgued  t h a t  t h e i r  s t y l e  o f  
t h o u g h t  is conce rned  w i t h  r e l a t i o n s h i p s  between o b j e c t s  which are 
p e r c e i v e d  w i t h i n  a n  under:ying universal scheme which endows o v e r a l l  
c a g n i t i v e  coherence.  T h i s  scheme i n c l u d e s  t h e  p r o p e r t i e s  o f  feedback 
s y s t e m  and it u n d e r p i n s  t h e i r  c o n v i c t i o n  t h a t  t h e  world h a s  a r a t i o n a l  
founda t ion .  Some of t h e i r  c r i t i c s ,  on the o t h e r  hand, p e r c e i v e  no such 
u n i v e r s a l  scheme and draw a t t e n t i o n  to the n o n - u n i f o r m i t i e s  and 
p a r t i c u l a r i t i e s  o f  c h e  world. 
F o r r e s t e r  h a s  no d o u b t s  a b o u t  t h e  e f f i c a c y  of s y s t e m  dynamics. F o r  him 
and h i s  fdiow sys t em dyriamiciStS it d e s c r i b e s  t h e  p r o p e r t i e s  of a world 
t h a t  is a c t u a l l y  systemic.  O u r  e x p l o r a t i o n s  of  t h e i r  social cosmology 
i n d i c a t e s  a social  component i n  t h e i r  unshakeab le  f a i t h  - i t  is 
c o r r e l a t e d  w i t h  t h e i r  social  environment:  t h e  greater f i x i t y  of t h e i r  
c o g n i t i v e  c a t e g o r i e s  vis-a-vis  o u r  c o n t r o l  g m u p  (SPRU) c o r r e l a t e  with 
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a h i g h e r  g i - i d i g r a q  se t t j -ng .  T h e i i  c o g n i t i v e  c a t e g o r i e s  arc t aken  a s  
v e r i t a b l e  t r u t h s  arid no o t n e r  viz*.  o f  t h e  uni.;ei-se is c>pei~ b then. 
In C h a p t e r s  F i v e  and S i x  'we i n v e s t i , g a t e d  t h e  s o c i a l  e f f e c t s  31 syst ,em 
dynamics. Some of t hese  have been p o t e n t i a l  r a t h e r  t h a n  a c t u a i  and o ~ ~ r  
d i s c u s s i o n  h a s  t h e r e f o r e  encompassed s p e c u l a t i v e  areas. F o r  exampie, on 
t h e  q u e s t i o n  of  t h e  u s e  of s j r s t e n  dynamics f o r  p o l i c y  fo rma t ion t  we 
s o u g h t  t o  deve lop  a p i c t u r e  of  t h e  s o c i a l  i m p l i c a t i o n s  i n d i c a t e d  by ou r  
adop ted  framewirk. Given t h e  l a c k  of e w i r i c a l  e v i d e n c e  ( i t s e l f  a 
consequence of t h e  v e r y  nat i i re  of t h e  2 o l i t i c s  o f  e x p e r t i s e )  we have 
t r i e d  to f o c u s  upon some of i t s  L n t e r e s t i i i g  ? e : ì t u r e s  i n  so f a r  as  o u r  
t h e o r e t i c a l  p o s i t i o n  is r e l e v a n t  t o  thera  Thus, we have a rgued  t h a t  a 
sys t em dynamics model may n o t  o n l y  b e  aL?eil at. p o l i c i e s  f o r  social 
c o h e s i o n  - t h r o u g h  economic, s o c i a l ,  and p o l i t , i i a l  measures - b u t  may 
a l s o  b e  used t o  n e g o t i a t e  consensus t h r o u g h  ::~!ucat.ion. T h i s  b r i n g s  u s  
back to t h e  d i f f e r e n c e  between sys t em dynairi::c, anil t h o s e  ' t echn iques '  
which remain  s o l e l y  e s o t e r i c  ct' nar rowly  teciinie3L; s y s t e m  dyn?rdics a ims 
t o  map o u t  t h e  p o l i s i e s  f o r  t h e  c o n t r o l  .AZ< management of s o c i a l  
s y s t e m ,  b u t  a l s o  s e e k s  i n c o r p o r a t i o n  i n  c u r r i . c u l a  a t  all l e v e l s  o f  
educa t ion .  The t e a c h i n g  of s y s t e m  dynamics - and  t h e r e f o r e  s o c i a l i s a t i c m  
i n t o  t h e  cosmohgy  and l i n g u i s t i c  code  t h a t  c a r r y  it - would aim t o  
secïre a broad s o c i a l  consensus.  
F u r t h e r ,  a t  d i f f e r e n t  l e v e l s  w i t h i n  t h e  e d u c a t i o i  s y s t e m  we would e x p e c t  
t o  f i n d  d i f f e r e c t  r o l e s  i m p l i e d  by t h e  knowledge b e i n g  d i s semina ted .  A t  
t h e  lower l e v e l s  w e  would e x p e c t  t o  f i n d  t h e  knov ledge  g e a r e d  towards 
i t s  p a s s i v e  a c c e p t a n c e  a l o n g  wi th  t h e  rest  o f  t h e  c u r r i c u l a .  F o r r e s t e r  
b e l i e v e s  t h a t  o n l y  a few peop le  have  t h e  s p e c i a l  s k i l l s  which are 
r e q u i r e d  f o r  p r a c t i s i n g  system dynamics; t h u s  a t  t n e  h i g h e r  l eve ls  we 
would f i n d  t h e  e l i t e  - t h e  p r ? s p e c t i v e  s y s t e m  managers o r  c o n t r o l l e r s .  
If we refer once mre to B e r n s t e i n ' s  work f o r  a moment, we can p i n - p o i n t  
a n o t h e r  i n t e r e s t i n g  facet o f  t h e  t e a c h i n g  o f  s y s t e m  dynamics. B e r n s t e i n  
h a s  a rgued  t h a t  most s u b j e c t s  are h i e r a r c h i c a l l y  o rde red  50 t h a t  a s  one 
a s c e n d s  t h e  e d u c a t i o n a l  l a d d e r  t h e  " u l t i m a t e  mystery" of t h e  s u b j e c t  is 
only r e v e a l e d  a t  a l a te  stage2. T h i s  mys te ry  is n o t  however r e v e a l e d  as 
o r d e r  o r  cohe rence ,  b u t  r a t h e r  a s  d i s o r d e r  - i.e. s o p h i s t i c a t i o n  i n v o l v e s  
a n  a p p r e c i a t i o n  of  t h e  v e r y  p r o v i s i o n a l  and c o n t i n g e n t  n a t u r e  of  o u r  
knowledge. F o r  example, a young budding p h y s i c i s t  may b e l i e v e  t h a t  h e  or 
s h e  w i l l  u l t i m a t e l y  d i s c o v e r  t h e  t r u t h  of t h e  u n i v e r s e  when t h e  t o p  of 
t h e  e d u c a t i o n a l  l a d d e r  is reached;  however, he o r  s h e  e v e n t u a l l y  f i n d s  
t h a t  t r u t h  is n o t  q u i t e  a l l  t h a t  t h e y  had been  l e d  to b e l i e v e .  F o r  t h e  
m a j o r i t y  however, t h e  p i c t u r e  is d i f f e r e n t  because  they  never r e a c h  t h i s  
i n s i g h t .  
"For  t h e  m n y ,  s o c i a l i z a t i o n  I n t o  knowledge is s a c i a l i z a t i o n  i n t o  order ,  
t h e  e x i s t i n g  orde:., ;rito t h e  e x p e r i e n c e  that  t h e  world's e d u c a t i o n a l  
knowledge is impermeable." B e r n s t e i n  ( 3 )  
R e t u r n i n g  t o  sys t em dynamics we c a n  suggc?c,t t h a t  i r s  s o c i a l  a n d  
e d u c a t i o n a l  i m p l i \ ? a t i o n s  are sonewhat a t  v a r k n c e  w i t - h  t h o s e  o u t l i n e d  
by B e r n s t e i n .  R a t h e r  t han  r e v e a l i n g  d i s o r d e r  a:!< t.he p r o v i s i o n a l  n a t u r e  
of  knowlodGe, systL?m dynamics seeks t o  c o n s o l i d a t e  o r d e r  - t h e  g e n e r a i  
o r  u n i v e r s a i  a r d e r  which u n d e r > i n s  a i l  s y s t e x .  Z u m  f o r  t h o s e  a t  the 
h i g h e r  stages - s u c h  as F o r r e s t e r  arid o t h e r s  i n  t h e  System Qnamics 
L a b o r a t i r y  - t h i s  is t h e  q u i n t e s s e n t i a l  feat:i!"l of sys t em dynamics, and 
so we c a n  s u g g e s t  t h a t  i t s  educat,ion?ii a i s s e m i n a t i o n  car r ies  no 
p o t e n t i a l  f o r  u l t i m a t e  c r i t i c a i  r e f l e c t i o n .  Heme, as w i t h  !:hose a t  t h e  
lower stages, t h o s e  who are t r a i n e d  to b e  p r a c t i s i n g  system d y n a m i c i s t s  
~0x1. '  share the same s o c i a l i s a t i ? n  i n t o  t h e  n c t i o n  of  t h e  c o h e r e n c e  and 
permar.cme of t h e i r  knowledge. 
I n  our  d i s c u s s i o r ;  o f  F o r r e s t e r ' s  u r b a n  mudel;ine we se t  o u t  r e a s o n s  (e.g. 
b w a u s c  he a r g u e s  t h a t  u rban  p o l i c i e s  shcu13 b e  i n  i i n e  wi th  n a t u r a l  
goals) why h i s  po l i c j .  r e c o m c n d a t i o - , s  cou id  b e  p e r c e i v e d  as  l e g i t i m a t e  
by p o l i t i c i a n s  and t h e  electorate. We f u r t h e r  argued t h a t  t h e s e  r e a s o n s  
are p e r t i n e n t  t o  sys t em dynamics i n  g e n e r a l .  Douglas c o n t e n d s  t h a t  men 
u s e  t h e i r  cosmolog ies  i n  o r d e r  to c o e r c e  e a c h  ot.her, t h a t  they make 
a p p e a l s  which u s u a l l y  c o n t a i n  some refereme to e i t h e r  time, money, God, 
o r  r,ature. Our a n a l y s i s  o f  s y s t e m  dyramics  shows t h a t  we c a n  f i n d  a i l  
f o u r  elements. Tak ing  __ time first; t h e  sys t em dy;.amicists a r g u e  t h a t  t ime 
is n o t  on man's s ide ,  t h a t  t h e  outcome o f  h i s  a c t i o n  c a n  t a k e  many y e a r s  
t o  produce t h e i r  f u l l  e f f e c t .  Thus, a1thoi:g'. t h e i r  prophecy of world 
c a t a s t r o p h e  l o c a t e d  it sometime w i t h i n  t h e  co-,!Lng c e n t u r y ,  they argued 
t h e  n e c e s s i t y  f o r  t a k i n g  a c t i o n  now. Thc? .mne ta ry  dimension c a n  be  
d i s c e r n e d  i n  t h e  s t a n c e  a g a i n s t  uasslve f i n a n c i . a l  programs f o r  
a l l e v i a t i n g  t h e  p r o b l e m  o f  c i t i e s  and t h e  b e l i e f  t h a t  s u c c e s s f u l  
schemes must b e  i n t r i n s i c a l l y  low-cost. T h i r d l y ,  though t h e  c o n c e p t  of 
God is n o t  employed i n  any d i . r ec t  way, we have noted F o r r e s t e r ' s  
d i s c u s s i o n  o f  the p rominen t  r o l e  o f  r e l i g i o u s  i n s t i t u t i o n s  i n  any  f u t u r e  
e q u i l i b i r u m  s o c i e t j .  L a s t l y ,  we come to ___ na tu re :  system dynamics is imbued 
w i t h  unambiguous v i ews  c o n c e r n i n g  t h e  n a t u r a l  o r d e r i n g  of t h e  u n i v e r s e ;  
whe the r  it is t h e  n e c e s s i t y  of u rban  pressiures ,  urban goals, o r  a world 
e q u i l i b r i u m ,  a l l  i r e  p e r c e i v e d  as be ing  li r e f l e c t i o n  of t h e  n a t u r a l  
state o f  affairs. 
-
The a rgumen t s  p r e s e n t e d  and developed i n  Chap te r  S i x  have been t h e  most 
s p e c u l a t i v e .  The s c o p e  of t h e  problem o f  u n d e r s t a n d i n g  t h e  e f f ec t s  of 
t h e  m r l d  models was b o t h  c h a l l e n g i n g  and somewhat d a u n t i n g  i n  i t s  
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prospec t .  C e s p i t e  t h i s ,  we sough t  t o  e x p l a i n  .some of t h e  mre manifest 
f e a t u r e s  o f  c.he ep i sode ,  such  as t h e  d i f f e r e n t i a 1  i n t e r p r e t a t i o n  of  t h e  
niessage. Moving on from t h i s  x e  r a i s e d  the q u e s r i o n  of  m i l l e n a r i a n i s r n  
and t h e r e f o r e  issues a b o u t  t h e  g e n e r a l  s o c i a l  c o n t e x t  o f  t h e  time. 'While 
a v o i d i n g  t h e  in ference  t h a t  t h e  prophecy of c a t a s t r o p h e  h a s  caused a 
m i l l e n a r i a n  o u t b u r s t  amongst tne yo'ung and d i s z f f e c  teu, we n e v e r t h e l e s s  
contended t h a t  it d i d  p r o v i d e  a c o n v e n i e n t  f u ? n i  p o i n t ,  a s  well a s  a 
r e s o u r c e  f o r  t h o s e  g r o u p s  w i t h  mi l ienar ian  tex!?ii.:i~s. 
f 
J u s t  a s  n i l l e n a r i a n s  a r e  u s u a l l y  v a g u e  a b o u t  t h e  preci;e t h i n g  of t h e  
t o t a l  t r a n s f o r m a t i o n  which they await, t h e  world models a l s o  avoided 
e x a c t  p r e d i c t i o n s  a b o u t  t h e  d a t e  of world c o l l a p s e .  At a d e e p e r  level  
t h i s  t e m p o r a l  u n c e r t a i n t y  r e f l e c t e d  and s t r e n g t h e n e d  a social  and 
p s y c h o l o g i c a l  u n c e r t a i n t y  due i n  p a r t  t o  t h e  u n s t r u c t u r e d n o s s  o f  t h e  
s o c i a l  environment  w i t h i n  which t h e s e  mi l lenar ian  g r o u p s  r e s i d e d .  
Fo l lowing  on from t h i s  d i s c u s s i o n ,  we  drew at analogy between sys t em 
dynamics and a s t r o l o g y  h'hich showed t h a t  t h e  f 3 r n e r  !lad a p o t e n t i a l  f o r  
t o u c h i n g  or  e x p l o i t i n 8  o t h e r  social  and p s y c h o l o g i c a l  n e e d s  and 
s u s c e p t i b i l i t i e s .  The ana logy  t h e r e f o r e  rev+;lled some a s p e e  ts o f  s y s t e m  
dynamics - f o r  example ,  t h e  fascination w i t h  d j h a s t e r s  - t h a t  h a v e  n o t  
emerged i n  p r e v i o u s  s t u d i e s .  
The most p r o b l e m t i c  i m p l i c a t i o n  to emerge from t h e  comparison between 
s y s t e m  dynamics and a s t r o l o g y  c o n c e r n s  i t s  p o t e n t i a l  f o r  e l i c i t i n z  t h e  
u n q u e s t i o n i n g  a c c e p t a n c e  of t h e  proposed p o l i c i e s ,  and we b r i e f l y  
expanded on t h i s  i ssue i n  terms o f  i t s  s o c i a l  r a m i f i c a t i o n s .  We drew 
a t t e n t i o n ,  f o r  example, to t h e  fac t  t h a t  a number o f  writers had argued 
t h a t  s y s t e m  a n a l y s i s  had c m t h o r i t a r i a n  i m p l i c a t i o n s .  Although we d i d  
n o t  p u r s u e  t h o s e  arguments ,  our  comparison showed t h e i r  r e l e v a n c e  to 
s y s t e m  dynamics. Whilst some of t h o s e  arguments, such  as t h o s e  of t h e  
F r a n k f u r t  School,  are p r i m a r i l y  p i t c h e d  a t  a p h i l o s n p h i s a l  l e v e l ,  t h e y  
n e v e r t h e l e s s  o v e r l a p  wi th  some o f  t h e  social  i m p l i c a t i o n s  o f  sys t ems  
t h e o r i e s  which we h a v e  uncovered here .  
Our avowedly non-ph i losoph ica l  s t u d y ,  based cipm social  an th ropo logy ,  
h a s  shown t h a t  sys t em d y n a r i c s  h a s  a u t h o r i t a r i a n  t e n d e n c i e s  which c a n  b e  
d i s c e r n e d  a t  several levels. F i r s t l y ,  t h e r e  is t h e  n a t u r e  of some o f  t h e  
p o l i c y  recommendations - f rom r e d u c i n g  food p r o d u c t i o n  +a c o n s t r a i n i n g  
t h e  low-cost hous ing  market. Secondly,  t h e r e  is t h e  a b s t r a c t  form of  
System d y m m i c s  model l ing and t h e  a i r  o f  o b j e c t i v e  a i i t h o r i t y  which 
emanates  from t h e  u s e  o f  computers  and e s o t e r i c  t echn iques .  T h i r d l y ,  
t h e r e  are t h e  p e d a g o g i c a l  and wide r  consequences  i n h e r e n t  i n  t h e  
t e a c h i n g  of s y s t e m  dynamics. F o u r t h l y ,  t h e r e  is t h e  role of s y s t e m  
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dynamics e x p e r t s  i n  p o l i c y  f o r m t i o n .  And -wh:le we have ~!ir,ciissed only 
t h e  c a s e  of s y s t e m  dymmics ,  it is worth n o t i n g  t h a t  we have a l s o  
i m p l i c i t l y  r a i s e d  q u e s t i o n s  a b o u t  t h e  wider  uses n f  system t h e o r i e s  
g e n e r a l l y .  
We ccn tend  t n z t  o u r  analgsis has f J l f i l l e U  t.he t n r e e  o b j e c t i v e s  set o u t  
i n  t h e  p re face :  namely, we have examined t h e  c u l ~ ' . i r a l  t . r a d i t i o n  from 
which system dynamics emerged, and wt-iich shaped j.:s development;  
s econd ly ,  we have inves t i t ga t ed  t h e  r c i a t i o s s h i p  between t h e  system 
d y n a m i c i s t s '  s o c i a l  environment  and t h e  i n t e i l %  tua1 s t y l e  and c o n t e n t  
of t h e i r  work and b e l i e f s ;  and t h i r d l y ,  we h a v e  i l l u n i n a t e d  t h e  m l e  of  
s y s t e m  dynamics i n  med ia t ing  and reinforciri ; ;  d i f f e r e n t  p a t t e r n s  o f  
s o c i a l  r e l a t i o n s .  
The p u r s u i t  ?Î  t h e s e  ersil.s has been e f f e c t e d  w i t h  t h e  e x p e c t a t i o n s  of 
two academic : : om)un i t i e s  i i n  mind: s n c i o i o g i s t s  o f  knowledge and system 
t h e o r i s t s .  In f e r w  o f  t!ie former, t h e  m,st e l a b o r a t e  and e m p i r i c a l l y  
s u b s t a n t i a t e d  argument is tha t  p r e s e n t e d  i n  Chap te r  Four. A s  f o r  t h e  
systems coroicnity,  we hav5 sough t  to n a r s h a X  unconven t iona l  t s o l s  - 
drahn largely for  s o c i o l o g y  and a n t h r o p l o g y  - i n  o r d e r  to e x p l a i n  t h e  
development. 3f one s p e c i f i c  s t r a n d  of t h e  system movement. The 
c o n s t r u c t i o : i  o f  t h i s  e x y l a m t i o n  h a s  been inforaed by t h e  need to 
p r o v i d e  d i f f e r e n t  p e r s p e c t i v e s  and t n  a d o p t  a broad h o i i s t i c  view of t h e  
problem. Whilst we h a v e  n o t  advanced s y s t e m  t h e o r y  il i tself ,  we have  
p rov ided  ar; i n t e r p r e t a t i o n  of t h e  d e v e l o p m n t  o f  sys t em dynamics which 
can in fo rm d w i s i o n s  a b o u t  f u t u r e  g m l s  of t h e  s y s t e m  mvement. Both a t  
t h e  knowledge ievel  of how our  soc:.al const ï , : i ions a r i s e ,  and a t  t h e  
p o l i c y  l e v e i  o f  how s o c i a l  change n i g h t  be  e f f e c t e d ,  our case s t u d y  of 
s y s t e m  dynamics may s t i m u l a t e  some d e b a t e  c o n c e r n i n g  key issues c e n t r a l  
t o  t h o s e  goals. Of c o u r s e  t h i s  is n o t  to s u g g e s t  t h a t  our a c c o u n t  is i n  
any way f i n a l .  Ra the r ,  it is p a r t l y  i n  r e l a t i o n  to e x i s t i n g  a c c o u n t s  t h a t  
o u r  own is  t o  be  judged; t h i s  is t h e  theme o f  t h e  n e x t  s e c t i o n .  
7.1 RELATIONSiIP Y I M  O M E R  LINES OF WQUXRY 
We h a v e  examined system dynamics in r e l a t , i on  to vari .ous t h e o r e t i c a l  
i d e a s  conce rn ing  t h e  r e l a t i o n s h i p  between knowledge and social  
s t r u c t u r e s .  I m p l i c i t  i n  what h a s  been s a i d  is t h e  awareness t h a t  
'knowledge' and ' s o c i a l  s t r u c t u r e '  are t h e m e l v e s  t h e o r e t i c a l  c o n s t r u c t s  
- a b s t r a c t i o n s ,  or f a s t - f r o z e n  g l i m p s e s  o f  t he  m c h  wider  and deepe r  
phenomenon which we refer  to a s  c u l t u r e .  I n  Chap te r  Two we argued t h a t  
a p p r o a c h e s  such  as t h o s e  based upon t h e  i n t e r n a l / e x t e n a l  dichotomy, 
i d e a l i s m  o r  economie r educ t ion i sm,  cou ld  n o t  a f f o r d  u3 t h e  u n d e r s t a n d i n g  
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o f  s y s t e m  dynamics which we s o u g h t .  We t h e r e f o r e  adopter! 3 ix>rrl: :iolis!,ic, 
d i a l e c t i c a l  p o s i t i o n ,  which  gave a s i g n i f i c a n t  roi.e tc kno.d:edge but 
a f f i r m e d  t h a t  t h e  symbolic l i f e  - workin,: t h rough  w d i a  of  e x p w s s i o n  - 
is  c o n s t r a i n e d  by t h e  L m i t a t i o n s  o f  t h o s e  media w h i ~ h  i n  t!ir? a r a  set 
b y  t h e  p r e v a i l i ~ n g  p a t t e r n  of  s o c i a l  r e l a t i o n s .  
:!IF: d i f f e r e n t  f e a t a r e s  o f  s y s t e m  dynamics which we have uncoJered wu:d 
thu:; !?ve been c l a s e d  to u s  i f  we had t a k e n  any of t h e  o t h e r  p o s i t u n s  
d i s r u s s e d  i n  Chap te r  ?WO. F o r  example, we  have noted F o r r e s t e r ' s  
coimitment  t o  c a p i ~ t a l i s n ;  b u t  we !lave a l s o  seen that  t h i s  d o e s  n o t  
f ? u t a u s t i v e l y  e x p l a i n  t,he s o c i a l  u n d e r p i n n i n g s  o f  h i s  .dori<, w h i c h  i n  f a c t  
h a s  2 c e r t a i n  autonomy from t h e  social  c o n t e x t  w h i c h  n u r t u r e d  it. O t h e r  
c r i t i c s  have  vicwed s y s t e m  d y r a m i c s  p u r e l y  i n  r e l a t i o n  to c a p i t a l i s t  
i n t e r e s t s ;  t h e  r i g i d i t y  o f  t h e  b a s e / s u p e r s t r u c t u r e  node l  which they hzve 
e x p l i c i t l y  o r  i n p l i c i t l y  adopted h a s  p r e v e n t e d  then from s e e i n g  t h a t  
t h i s  model canno t  a c c o u n t  f o r  a riurher o f  i m c c r t a n t  feaytres o f  sys t em 
dynamics. Fo r  i n s t a n c e ,  they cou ld  n o t  expI.aiii t h e  mral is t ic  
i m p e r a t i v e s  w i t h i n  system dynamics, n 3 r  c o u l d  t h e y  x c o u n t  f o r  the moral 
:or+ulsion and l e g i t i m a c y  of some o f  t h e  p o l i c y  r e c o r n e n d a t i o n s  w i t h  
h*liCh 'we have  d c a l t ,  o r  t h e  v a r i a t i o n  i n  b e l i e f s  which g r e e t e d  t h e  world 
mcdels. N e i t h e r  c o u l d  t h e s e  o t h e r  a 2 p r o a c h e s  e x p l a i n  F o r r e s t e r ' s  i d e a s  
about  h a l t i n g  economic growth. 
The same a p p l i e s  t o  t h o s e  c r i t i c s  whose a n a l y s i s  is g r o u n d 4  i n  some 
v e r s i o n  of i d e a l i s m .  T h e i r  i n t e l l e c t u a l  f r a m w o r k  b l i n d s  them t o  t h e  
s o c i a l  1:onstraints  upon F o r r e s t e r ' s  thought .  To t a k e  j u s t  one example, 
i d e a l i s m  :annot e x p l a i n  t h e  sys t em d y m m i c i s t s '  r e s p o n s e s  t o  anomaly - 
p a r t i c u l a r l y  i n  r e s p e c t  o f  t h e i r  chang ing  p o s i t i o n s  a s  t h e i r  group 
came u n d e r  threat.  Moreover, n e i t h e r  economic r e d u c t i o n i s m  nor  i d e a l i s m  
cou ld  accoun t  f o r  t h e  domain e x ? a n s i o n s  and t h e o r e t i c a l  s h i f t s  which 
have mr'xed the development of s y s t e m  dynamics. The same can b e  s a i d  of  
a n a l y s e s  based on t h e  internal /external  dichotomy. Indeed,  f o l l o w i n g  
Fleck,  and i n  c o n t r a d i s t i n c t i o n  to t h e  e m p i r i c a l  ph i lo sophe r ' s  v i e w  of 
s c i e n t i f i c  development, we migh t  say t h a t  - b o t h  t h e  ac t ive  and t h e  
p a s s i v e  c o n n e c t i o n s  w i t h i n  sys t em dynamics h a v e  i n c r e a s e d  during i ts  
e v o l u t i o n .  
We h a v e  a l s o  s o u g h t  t o  c i r cumven t  t h e  problems which arise if t h e  
a n a l y s i s  p r o c e e d s  by t r y i n g  to e s t a b l i s h  whether  o r  n o t  sys t em dynamics 
is  s c i e n c e  or ideology.  F o r  science t oo  is a c u l t u r a l  p roduc t ,  and we 
have  s e e n  t h a t  i t  is n o t  p o s s i b l e  to e l u d e  t h e  social  m e d i a t i o n  of i d e a s  
c o n c e r n i n g  p o l l u t i o n ,  nature ,  o r  t h e  r e l a t i o n s h i p  of  t h e  self t o  s o c i e t y .  
Thus, we cou ld  n o t  have unde r s tood  t h e  social e f fec ts  o f  t h e  world 
models if we had viewed them a s  mere ideo logy ,  f o r  ou r  u n d e r s t a n d i n g  
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would m l y  h v e  t e e n  t e r a b i e  i n  r e i a i j3 .n  to *..~ 
il:e ~ S S L . n ~ , b ~ ~ o c  t i i a t  there .. 
could be a scier i t i f i?  concep t  o f  t h e  r ~ t . . . : ~ ; ~ :  s:,7ie,- nh::,il jcos de.Ioid of 
s o c i a  1 i m p  li c a t i o n  s an.? meaning s. Fii r tb ,  er ,  G,~: :- 3.ntc,rnp o:sr; ic ai approach 
has  r e v e a l e d  t h e  factors Nhich h x ~ e  15qt cru*::Si:itj; tc t i i e  !ri,;:ss~ye of 
kmowledge is a c c e p t e d  a3 being t r u e  L8waiiSe O f  tk 
d o e s  n o t ,  however, have any m b s t a n t i v e  h y p o t h e s e s  t o  e x p l a i n  why 5;3 zany  
d i f f e r e n t  e m u p s  - i n c l u d i n g  s c i e n t i s t s  - g a v e  i r n d e n i e  t.3 t h e  i d e a  that  
t h e  world f aced  a c a t a s t r o p h e .  Going Seyond t h e  f a c t  t h a t  some peop le  
p e r c e i v e d  t h e  s y s t e m  d y r a c i c i s t s  a s  r , c i e n t i s t s ,  and the!'.zfore r ega rded  
t h e  mes;sage a s  o b j e c t i v e ,  we have seen t h a %  t i e  models symbolized t h e  
cosmolog ica l  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  s o c i a l  env i ronmen t s  and were 
c o n s e q u e n t l y  seen to b e  s e l f - e v i d e n t  by v a r i o u s  groups.  If s y s t e m  
dynamics had been viewed as e i t h e r  s c i e n c e  o r  i deo logy ,  t h e n  we cou ld  
n o t  have  e x p l a i n e d  t h i s  v a r i a t i o n ,  nor  t h e  d l f f e r e ! i t i a l  i n f e r e n c e s  w h i c h  
d i f f e r e n t  g r o u p s  drew from t h e  message. 
t h e  world nodels .  ï h e  scierc+:/i;ieoloL,y 3ichct,-:xj a i t  s a ~ i ~ i t i f i c  
Moreover, i f  we ha2 2doptcd t h e  rect?ived vi.cii o f  t h e  t r a n s m i s s i o n  of  
s c i e n t i f i c  i dms  - typi!:ai;y based ai a Fn i . i uc t i i ' i ; -d i f fus ion  w d e l  - 
again we would have f a i l e d  tc grasD tbesc q>cri.ficities. I n  F l e c k i a n  
terms, we have  shorn t h a t  t h e  exoteraic role of s c i e n t i f i c  i d e a s  is n o t  
one of  more d i f f u s i m  b u t  a p m c e s s  of  m u l t i p l e  i n t e r p r e t a t i o n  w i t h i n  
t h e  s e l f  - e v i d e n t i a l  knowleege system o f  d i f f e r e n t  e x o t e r i c  circles.  
* 
7.2 R E S R V A T I O N S  _- 
Though t h i s  a rmun t s  t o  a j u s t i f i c a t i o n  f o r  t h e  approach  which we have 
taken,  i. is n o t  i n t e n d e d  +a s u g g e s t  t h a t  we iizve expla'ned e v e r t h i n g ,  or 
indeed taat  o t h e r  p r o b l e m  have  n o t  a r i s e n  +s 5 very  consequence of o u r  
approach. C e r t a i n l y  t h e r e  are o t h e r  q u e s t i o n s  a b w t  system dynamics 
which c a n n o t  b e  accormdated w i t h i n  t h e  s c o p e  of o u r  framework. Some of 
t h e s e  are due  to l a c k  of i n f o r m a t i o n  c n n c e r n i n g  t h e  System Dymmics 
Group b u t  o t h e r s  are ~ t h o O o l . o g i c a l  i n  crigi.n. I n  t h e  first case we have  
a l r e a d y  mentioned ( i n  Chap te r  F i v e )  t , h a t  we d o  n o t  hZJe s u f f i c i e n t  d a t a  
to draw i n f e r e n c e s  a b o u t  t h e  consequences  of  t h e  n a t u r e  o f  s y s t e m  
d y m m i c s  t e a c h i n g  - i.e. i n  terms o f  t h e  p e d a g o g i c a l  r e l a t i o n s h i p  
between t e a c h e r  and t a u g h t .  T h i s  is i m p o r t a n t  because t h i s  r e l a t i o n s h i p  
is one o f  power; i t  is a c o n t r o l  s y s t e m  which is mediated by t h e  
c u r r i c u l u m .  As s u c h  it is - a s  B e r n s t e i n  as  shown - a n o t h e r  example of 
t h e  i n t e r a c t i o n  between s o c i a l  r e l a t i o n s  and symbolic systems. I n  
A c r i t i q u e  of t h i s  model from a F l e c k i a n  p o s i t i o n  is p rov ided  by de  
Vries and Harbe r s  ( 4 ) .  
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p r i n c i p l e  hc:,~ever, we r2oi;i.d , i i s c u s s  this f u r t h e r  i f  t n c  r e q u i s i t e  
i n f o r m a t i o n  were a v a i l a b i e .  
On t h e  me thodo log ica l  f r o n t ,  we m y  ri-te t h a t  &+e c a n n o t  a d e l G a t e l y  d e a l  
w i t h  t h e  i n d i v i d u a l  v a r i a t i o n c  2 w n g s t  s y s t e m  Cyrdrnicists.  Whi l s t  we d o  
n o t  d i s a l l o w  t h e  p o s s i b i l i t y  o:' d i s s e i i t  a m n g s t  t h e  peop le  &IO embrace 
sys t em dynamics - i ndeed ,  we have  noted the d i f f e r e n c e s  i n  op in ion  
c o n c e r n i n g  b a c k c a s t i n g  -. o u r  thecre t i ra l  n e t s  c a n n o t  c a p t u r e  t h e  
s p e c i f i c i t i e s  o f  t h e s e  d i f f e r e n c e s .  Rathe",  it h a s  been p u b l i c  knowledge 
which h a s  been o u r  conce rn  here. 
Anotner  and mre complex r ce thcùs log ica l  q u e s t i o n  centres  on the  f ac t  
t h a t  w e  nave r e l i e d  upon t e x t u a l  e x t r a c t s  f o r  o u r  empirical evidence.  
Ot!iers would dennnd d i r e c t  e m p i r i z a l  o b s e r v a t i o n  o r  a c o n s i d e r a t i o n  of  
more i n f o r m 1  s o u r c e s .  Some o t h e r s  would a l s o  r e q u i r e  u s  t o  start n o t  
w i t h  b e l i e f s  as  ev idenze3  i n  t e x t s ,  b u t  w i t h  d i s c o u r s e .  Indeed,  t h e  
development o f  t h e  formaï  r e c o r d  o f  s y s t e m  dyra,mics which we have  s o u g h t  
b e x p l a i n  h e r e  is b u t  one t y p e  cf d i s c o u r s e  an.! so iR are n o t  i n  a 
p o s i t i o n  to a d d r e s s  o t h e r  l e v e l s .  
It nay b e  o b j e c t e d  t h a t  t h roughou t  t h i s  d i s s e r t a t i o n  we h a v e  Seen 
t r e z d i n g  a th3.n l i n e  between a milt-anthropolgical e x p l a n a t i o n  o f  t h e  
r eve lopmen t  o f  s y s t e m  dynamics 2nd a n  -__ e v a l u a t i o n  of  i t s  c o n t e n t .  U h i l s t  
we CO no t  deny t h a t  a c e r t a i n  e v e l u a t i v e  element h a s  t ended  tc f o l l o w  
o u r  a rgumen t s  - ra ther  l i k e  a shadow, now hidden,  now exposed - we F e e l  
t h a t  i t  h a s  been r e s t r i c t e d  to t h e  pu rpose  of b r i n g i n g  t h e  sys t em 
d y r a m i c i s t s '  p e r s p e c t i v e  i n t o  s h a r p e r  focus.  Thus, i f  we have  s a i d  t h a t  
s y s t e m  djrrnmics eschews t h e  i d e a  c f  c l a s s - c o n f l i c t s ,  we have  - t o  use  
Mannheim's term - shown i t s  p a r t i c u l a r i t y .  I n  o t h e r  wrds, we have  n o t  
been t r y i n g  to show t h a t  system dyrumics  is e i t h e r  t r u e  or  false, b u t  
r a t h e r ,  that  i t s  p e r s p e c t i v e  is p a r t i c u l a r  to ci s p e c i f i c  s t y l e  of 
t h o u g h t  - itself r e l a t e d  to a p a r t i c u l a r  social cw.t.ext. 
" m h e  d i f f e r e n t  p e r s p w t i v e s  are n o t  merely p a r t i c u l a r  i n  t h a t  t h e y  
p resuppose  d i f f e r e n t  ranges o f  v i s i o n  and d i f f e r e n t  sectors o f  t h e  total 
r e a l i t y ,  b u t  a l s o  i n  t h a t  the  in te res t s  and powers of  p e r c e p t i o n  of t he  
d i f f e r e n t  p e r s p e c t i v e s  are c o n d i t i o n e d  by t h e  social s i t u a t i o n s  i n  
which they  arose and t3 which they are relevant ."  Mannheim (5) 
There is a l s o  a n o t h e r  sense i n  which t h i s  d i s s e r t a t i o n  h a s  been 
e v a l u a t i v e ;  t h i s  h a s  s u r f a c e d  i n  c o n n e c t i o n  wi th  our d i s c u s s i o n  of t h e  
social  e f fec ts  of s y s t e m  dyramics  where we p o i n t e d  to its t h e o r e t i c a l  
c l o s u r e  and p o t e n t i a l  a u t h o r i t a r i a n  c h a r a c t e r i s t i c s .  We feel t h a t  these 
were a l e g i t i m a t e  s u b j e c t  o f  i n v e s t i g a t i o n ,  b u t  i n  t h e  very ac t  o f  
unmasking them we have  i n e v i t a b l y  made e v a l u a t i o n s .  To b a l a n c e  t h i s  we 
may assert t h a t  o t h e r  t h e o r e t i c a l  b e l i e f s  have the i r  own p a r t i c u l a r  
c l o s u r e s  too. F u r t h e r ,  we h a v e  focused upon t h e  d i s a d v a n t a g e s  o f  a 
cosmology m r k e d  by h i g h e r  g r i d  and group t h a n  o u r  s e l e c t e d  c o n t r o l ,  b u t  
i n  fac t  Douglas' work shows that ,  all cosmologies  have  their  own 
character is t ic  p m b l e m  and woes. 
O t h e r  c r i t i c a l  remrks may be  made w i t h  r ega rd  t o  t h e  o v e r a l l  
t h e o r e t i c a l  b a s i s  o f  o u r  w r k .  Where t h i s  h a s  seemed p e r t i n e n t  - 
e s p e c i a l l y  i n  Chap te r  Four  - w e  have  drawn a t t e n t i o n  to t h e  
p r o b l e m a t i c a l  and less r i g o r o u s  a s p e c t s  o f  o u r  arguments;  b u t  there is 
a l s o  t h e  q u e s t i o n  o f  t h e  eclecticism man i fe s t ed  i n  t h e  number of 
d i s p a r a t e  i n t e l l e c t u a l  s t r a n d s  from which we have  borrowed i n  order t o  
expand t h e  s c o p e  of t h e  i n v e s t i g a t i o n .  These s t r a n d s  are v a r i o u s l y  
s i m i l a r  and d i s s i m i l a r  and on c e r t a i n  p o i n t s  we have  p e r h a p s  g i v e n  
i n s u f f i c i e n t  a t t e n t i o n  to t h e i r  c r i t i ca l  e v a l u a t i o n .  I n s t e a d ,  we h a v e  
chosen  to u s e  them a s  t h e o r e t i c a l  t o o l s  - i f  somewhat b r u t a l l y  - i n  
o r d e r  to d e v e l o p  o u r  case. Given t h e  n a t u r e  of o u r  s u b j e c t  m a t t e r  we may 
p e r h a p s  c r a v e  l e n i e n c y  and a s k  to b e  judged f i n a l l y  on whether  we h a v e  
succeeded i n  shedding some l i g h t  on areas where h i t h e r t o  there h a s  been  
da rkness ,  con fus ion  or c o n t r o v e r s y .  
7.3 IDñAS P û R  FURïññl ì  YORK 
F i n a l l y ,  i t  is also wrth b r i e f l y  mentioning some o f  t h e  q u e s t i o n s  which 
have  been sugges t ed  by the n a t u r e  of o u r  enqu i ry .  F o r  example, g i v e n  t h a t  
we have  i d e n t i f i e d  an i m p l i c i t  s o c i a l  cosmology w i t h i n  sys t em dynamics, 
we c a n  a s k  whether it is t o  be expec ted  t h a t  o t h e r  sys t em dynamics 
g r o u p s  may be  found i n  social l o c a t i o n s  similar to t h e  one a t t r i b u t e d  to 
F o r r e s t e r  and h i s  c o l l e a g u e s ?  Or, i n  what s p e t r u m  o f  s o c i a l  s t r u c t u r e s  
would m? e x p e c t  t h e  s y s t e m  dynamics framework to become c o n s o l i d a t e d ?  
And t h i s  i n  t u r n  ra i ses  t h e  q u e s t i o n  as t o  the ways i n  which sys t em 
dynamics m y  become mod i f i ed  because of t h e  d i f f e r e n t  c o g n i t i v e  
c o n s t r a i n t s  imposed by a l t e r n a t i v e  social s t r u c t u r e s .  Another  o b v i o u s  
l i n e  o f  e n q u i r y  to p u r s u e  would b e  to d i r e c t l y  i n v e s t i g a t e  t h e  social 
environment  o f  t h e  System Dynamics Group. 
I n  term o f  the  s o c i o l o g i c a l  s t u d y  of  s c i e n c e ,  o u r  a n a l y s i s  o f  t h e  
r e s p o n s e  to t h e o r e t i c a l  a n o m a l i e s  has  shown t h a t  the work o f  Douglas and 
Bloor m y  a l s o  y i e l d  u s e f u l  r e s u l t s  o u t s i d e  t h e  domain o f  t h e  n t u r a l  
sciences and m t h e m t i c s .  Indeed,  o u r  s t u d y  of s y s t e m  dynamics has shown 
t h e  a p p l i c a b i l i t y  of t h e i r  c o n c e p t u a l  t o o l s  t o  a s u b j e c t  b r e e c h i n g  t h e  
gap  between the  n a t u r a l  and social  sciences. I t  t h e r e f o r e  s t i m u l a t e s  
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q u e s t i o n s  a s  t o  t h e i r  p o t e n t i a l  u s a g e  i n  s t u d y i n g  o t n e r  areas o f  s o c i a l  
s c i e n c e .  These q u e s t i o n s  are for  t h e  f u t u r e ,  b u t  t hey  show a t  least  t h a t  
o u r  approach  h a s  t h e  a b i l i t y  to  s e i  p u z z l e s  i n  a d d i t i o n  to o f f e r i n g  
s o l i l t i o n s  t o  them. 
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